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TO 

THE SECOND EDITION. 



In this work — the first work, and with one exception 
the first matter for the press I ever wrote — I have 
endeavoured to give a complete account of the phe- 
nomena presented by the planet Saturn and its system. 
It might appear, at first sight, that a single planet, 
however interesting or elaborate the scheme of which 
it is the centre, should rather be made the subject of a 
chapter than of a volume, even of the moderate dimen- 
sions of the present It will be found, however, that 
much that is contained in these pages is applicable, 
with suitable changes in matters of detail, to all the 
members of the solar system. 

The inquiry into the nature of the rings, in Chapter 
V., deals with a subject not uninteresting, I think, on 
its own account, but which gathers an additional interest 
from its bearing on the speculations of Laplace. It is 
not altogether impossible that in the variations percep- 
tibly proceeding in the Saturnian ring-system a key 
may one day be found to the law of development 
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under which the solar system has reached its present 
condition. 

Certain points of resemblance between the relations 
of Saturn and our earth, as respects the variations of 
their seasons, have induced me to devote somewhat 
more space to the consideration of the celestial phe- 
nomena presented to the Saturnians than the nature 
of the subject might appear to warrant. 

The connection between the subjects treated of in 
the notes forming Appendix I., and the main subject 
of the work, will appear on perusal. The reader is re- 
minded that these are notes, not essays ; they contain 
merely the heads of arguments supporting opinions 
expressed in the body of the work. 

In the first edition I adopted for the sun's equa- 
torial horizontal solar parallax (the earth at her mean 
distance) Professor Hansen's determination, namely, 
8"'9i59. It did not seem worth while to change the 
resulting estimates of distance, size, mass, and so forth 
throughout the volume, at a time when the estimated 
distance of the sun varies from year to year, almost 
from month to month. 

I have endeavoured to make the engravings repre- 
sent as accurately as possible what they are meant to 
illustrate. This is to be understood of all the figures 
throughout the work, unless it is expressly stated in 
the text that a part of any figure is purposely exagge- 
rated (as the rings in fig. i, Plate VIII.). 

In the figures of Plate I., the oudines of the planet 
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and rings, and of their shadows, have been deter- 
mined from calculations founded on the dimensions of 
the planet and rings adopted in Tables III. and IV.; 
such details have then been introduced as have been 
noted by the best observers. The slope of the figures 
is, to a certain extent, a matter of indifference, since it 
varies with the hour of observation ; but to preserve 
uniformity I have adopted the following rule : — The 
horizontal line through the centre of the disc in the 
figures of Plates I., VII., IX., and XII. represents the 
planet's heliocentric path, the direction of the planets 
motion being from left to right in the figures of Plate 
I. (which are supposed to be seen through an inverting 
telescope), and from right to left in all the other figures. 



Richard A. Proctor. 



London : August, 1882. 
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DISCOVERY OF SATURN— THE SIMPLER ELEMENTS OF 

HIS ORBIT. 

No ACCOUNT, historical or traditional, has been handed down 
to us of the discovery of the planet Saturn. Though he is 
included in the list of wandering stars in the earliest astrono- 
mical systems whose records have reached us, there can be 
Jittle doubt that Venus, Jupiter, and Mars were discovered 
long before Saturn — the most distant planet known to the 
ancients. The two first, surpassing in splendour the brightest 
•of the fixed stars, must at a very early period have attracted 
the notice of astronomical observers, who could not fail soon 
to perceive that those orbs were changing their positions on 
the celestial sphere. Mars, in like manner, with his ruddy 
but brilliant light, and swift motions amongst the fixed stars, 
was probably recognised as a wandering orb at a very remote 
period. Mercury, on the other hand, twinkling like a fixed 
star, and never visible but when near the horizon, and when 
his lustre is dimmed by the glory of the rising or setting sun, 
probably escaped the notice of astronomers, or was at least 
not recognised as a planet ! till long after even Saturn's dull 

1 Mercury, though probably the last-discovered planet of the ancient system 
of astronomy, was included in the stellar worship practised under the Lachmites 
by the Asedites. 
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orb had been discovered, and his slow movements traced upon 
the celestial sphere. 

Let us consider in what manner the astronomers of old 
must have attained to the discovery of Saturn's planetary 
nature, and to the knowledge of the various facts respecting 
him with which we learn that they were acquainted. The 
time thus spent in retreading the paths by which past genera- 
tions attained to knowledge would not be altogether wasted 
if we only learnt thence the lessons of patience and watchful- 
ness. But such an inquiry has, in fact, a closer connection 
with modern science than might at first be supposed. In the 
brief paragraphs that announce each year the discoveries of 
new asteroids or of telescopic comets, we see the records of 
the same patient observation applied in the same manner as 
of old. It is true that the powerful and delicate instruments 
now used, and the application of modern methods of mathe- 
matical analysis, enable the astronomer to obtain in a few 
weeks results that formerly a life would have been insufficient 
to compass. An air of mystery, also, surrounds his researches^ 
lying, as they do, chiefly in depths to which the far-seeingf 
eye of the telescope alone penetrates. Yet the modern 
astronomer, like the observer of old, seeks among the celestial 
bodies the signs of change and motion, and when he has de- 
tected these, he tracks the wandering orb and calculates the 
extent and character of its orbit To this work he must apply 
— besides his telescopes and his analyses — the old-fashioned 
instruments, patience, energy, and watchfulness. 

At a very early period the ancients separated the stars 
into constellations. In all probability this arrangement was 
soon followed by the construction of rough maps, on which 
the positions of the principal stars were noted down. They 
marked, no doubt, with special care, the stars in the zodiac — 
that belt of the celestial sphere within which the sun, moon > 
and planets were observed to move. Let us consider how 
this process must have led to the discovery of Saturn. 
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DISCOVERY OF SATURN. 3 

Shining with a dull yellow light, and travelling amongst 
the fixed stars with a scarcely perceptible motion, the plane- 
tary nature of Saturn remains for a long time unnoticed. 
But his path on the celestial sphere brings him into very close 
(apparent) proximity with some of the brightest of the fixed 
stars, and astronomers must at length have become too well 
acquainted with the general configuration of the zodiacal con- 
stellations not to notice the presence of a strange star in such 
a position. Once observed, though they might remain in 
doubt for a few days as to his planetary nature, these doubts 
would soon be set at rest by obvious alterations in his bear- 
ing with respect to the neighbouring fixed stars. 

Let us suppose, by way of illustration, that Saturn is 
describing that part of his orbit indicated in Plate II., and 
that he is first observed when in opposition near the bright 
star Regulus. 1 The time then is mid-winter. 2 The heavens 
— in the eastern clime of those first astronomers — are spark- 
ling as if set with myriads of varied gems. The greater Lion, 
with the brilliant stars Deneb and Regulus, is in the south- 
east, slowly rising to the meridian. Near Regulus, about a 
degree and a half to the north, a strange star is seen, whose 
dull yellow light contrasts strangely with the dazzling white 
of the fixed star. As they rise together to culmination, and 
then sink towards the south-western horizon, the closest 
observation can detect no change in their relative positions. 

On the following night the stranger is again seen close to 
Regulus. But now its position seems slightly changed : — it 
is no longer due north of Regulus, but has moved slightly 

1 The bright star below the zodiac, near the centre of the map. 

- Regulus now souths at midnight in the middle of March. Four thousand 
years ago he passed the meridian at midnight two months earlier. The position 
of the ecliptic was also different. Regulus, now nearly half a degree to the 
north, was then south of the ecliptic. Saturn's path on the celestial sphere 
has, in like manner, undergone several changes ; for instance, the positions of 
the nodes and of the perihelion, and the inclination of the orbit to the ecliptic, 
have varied, and other changes have taken place which need not at present be 
dwelt upon. 
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4 SATURN AND ITS SYSTEM. 

westward. The change of position is, however, so small as to 
be scarcely perceptible. It is not until several days have 
elapsed that the wandering nature of the stranger is certainly 
established. It passes to the north-west of Regulus, and 
continues to move slowly westward. 

As Mars and Jupiter both appear to move from east to 
west when in opposition, though their real motion is from 
west to east, it remains doubtful whether the new planet 
moves from east to west, as he appears to do, or, like the 
other planets, from west to east Careful observation soon 
shows that Saturn's westward motion is gradually diminish* 
ing ; yet, when six weeks (the time in which Mars retrogrades 
after opposition) have passed, Saturn is still moving westward, 
nor has his retrograde motion ceased when two months (the 
corresponding period of Jupiter's retrogression) have elapsed. 
For yet another fortnight he retrogrades, and then begins to 
move slowly along his advancing arc. Although he has thus 
been retrograding for nearly two months and a half from 
opposition, he has passed over an arc of only three degrees 
on the celestial sphere. 

Saturn's progressive motion, slow at first, gradually in- 
creases as he approaches conjunction, when, becoming an 
evening star, his light is dimmed, and finally lost, in the light 
of the, sun. About a, month after conjunction, he again be- 
comes visible as a morning star. His apparent motion is still 
progressive, but gradually decreases until he becomes station- 
ary. He then slowly retrogrades for nearly five . months, 
passing through opposition; becomes stationary again, i then 
advances, and so on continually ; advancing during seven 
months and a half and retrograding during five, but on the 
whole slowly traversing the zodiac from west to east, or in the 
order of the signs. 

Having ascertained that the strange orb is a planet, let us 
see how the ancient astronomers could approximately deter- 
mine the distance and period of the new planet from its 
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DISCOVERY OF SATURN. J 

apparent motions. We may proceed on the supposition that 
they were acquainted with the true system of the world. It 
would obviously be a waste of time to consider, at any length, 
methods. belonging to a false system; there are also good 
reasons for* supposing that the true system was actually 
known. to ancient astronomers. 1 For the sake of simplicity, 
the paths of Saturn and the earth are supposed to lie in,tfie 
same plane, and to be circles about the sun as centre. 

In . the first place, what inferences may be deduced from 
Saturn's slow retrograde motion when in opposition, his long 
period of retrogression, and the small arc passed over by him 
in that period ? To answer these questions it will be neces- 
sary to recall to the reader's mind the cause of the retrograde 
motion of a planet in opposition. 

Let s (fig. I, Plate IV.) represent the sun, E e' e" the earth's 
orbit, P p' p" part of the orbit of a superior planet. When the 
earth is at E let the planet be at P, so that (SEP being a straight 
line), the planet is in opposition when at P. Starting from these 
positions, suppose that the earth and the planet, in the same 
interval of time, pass respectively over the arcs E E' and, P p', 
E e' being greater than P P / . Then it is obvious that the line 
e' p' is inclined to the line E p, and that if these two lines are 
produced they will meet beyond P. Let them be produced, 
beyond their point of intersection O, to K and K' respectively. 
Now the observer on the earth sees the planet in the direction 
E K when the earth is at E, and in the direction e' k' when the 
earth is at e' ; thus the planet appears to have moved in the 
direction kk', while it has actually moved in the contrary 
direction, namely, from P to p'. The amount of the planet's 
retrograde motion during the interval is measured by the angle 
contained between the lines E P, E / P', that is, by the angle 

• 

E O E / or K O K' ; and vice versd, if the retrograde arc passed 
over by the planet on the celestial sphere be measured, the 
angle e o e / becomes known with an exactness proportioned 

1 See Note A, Appendix I., Chaldsean Astronomy. 
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to the accuracy of the instruments used in effecting the 
measurement and the skill of the observer employing them. 

Let us now carry the earth and planet forward in their 
orbits. It is obvious that the path of the earth becomes more 
and more inclined to the line of sight to the planet the farther 
the earth is carried on in the arc EE'E"; thus if e", p", and 
E"', p'", be respectively contemporaneous positions of the 
earth and planet, the angle between the line e"' p"' and the 
arc e'" e" is less than the angle between the line e" p" and 
the arc e"e', and this angle again is less than the angle 
between the line e' p' and the arc E / E. Hence the effect of 
the earth's superior velocity, so far as it operates in changing 
the direction of the line of sight to the planet, gradually 
diminishes, until at length the earth reaches a position, as at 
E", such that the effect of the direction of its motion exactly 
counterbalances its superior velocity, and the planet appears 
to be stationary. If E" e"' and P // p'" are small arcs passed 
over by the earth and planet in the same time at this period, 
the line e"' p'" is parallel to the line e" p", the superiority in 
length of the arc e" e"' over the arc p"' p" being compensated 
by the smallness of the angle at which E" E /// is inclined to the 
line of sight E"' P"', compared with the inclination of p" p'" to 
the same line. Thus the planet is seen in the same direc- 
tion at the end of this interval as at the beginning, or is 
stationary. 1 

After this, it is plain that the planet will appear to advance, 
for at first the earth's path becomes inclined at a smaller 
angle to the line of sight to the planet, till it coincides with 
that line ; and afterwards, as the earth passes on to conjunc- 
tion, its motion (considered with reference to the line of sight 

1 It must be remembered that the arcs e"e'" and p"p"' are supposed to be very 
small. A planet is not actually stationary during any finite period of time : retro- 
grade motion merges into progressive, progressive into retrograde, at a definite 
instant, before which (by however small an interval of time) the motion is of one 
kind, afterwards of the contrary ; it is only at that instant that there is no motion, 
progressive or retrograde. 



DISCOVERY OF SATURN. 7 

at any instant) is in a contrary direction to that of the planet, 
and therefore adds to the planet's apparent motion on the 
celestial sphere. 

If the planet were visible when in conjunction, its motion 
would appear swifter then than at any other time. Thus let 
€Sp be the line along which conjunction takes place, the 
earth being at e and the planet at / ; and e\ ft the positions 
of the earth and planet after a short interval of time : then ep 
is the direction in which the planet would be seen when in 
conjunction, J jf that in which it would be seen at the end of 
the interval of time. Now ep and J jf meet within the orbit 
of the planet at o ; the angle eoe? ox pop? measures the arc 
on the celestial sphere passed over by the planet, and the 
whole motions both of the planet and the earth conspire to 
increase this angle ; whereas in any other positions, either the 
difference of these motions, or only parts of them, affect the 
angle between the lines of sight at the beginning and end of 
any corresponding interval of time. And although the angle 
is diminished when a superior planet is in conjunction through 
the effect of increased distance {ep plainly exceeding E P by 
twice the radius of the earth's orbit, or by twice s e), yet, 
under the actual relations of the velocities and distances of 
the planets, 1 Increase prevails over decrease, and a superior 

1 If </, D )>e respectively the mean distances of the earth and of a superior 
planet from the sun ; /, P their respective periods ; v 9 v their respective mean 
angular velocities about the sun. We have from Kepler's third law — 

/: p::</' : d* ; 

d d 1 1 

therefore v— v : v +v ::d*-</ :d* + </»; 
now, on the supposition of circular orbits, the retrograde velocity of a superior 
planet in opposition would be proportional to — -, and the progressive velocity 

D— d 

in conjunction would be proportional to - — - ; but from the proportion deduced 
above, it follows that 
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planet, if visible, would appear to move more rapidly when irt 
conjunction than at any other time. A planet is, however, 
always invisible when at or near conjunction, since it then 
occupies the same region of the celestial sphere as the sun, 
and is therefore lost in his superior light. When the planet 
next becomes visible, however, the effect of its swifter motion 
in conjunction is seen in the change of its position among the 
zodiacal constellations. 

Passing from conjunction to opposition, the planet goes 
through the same changes in a reverse order. Its progressive 
motion gradually diminishes till it becomes stationary ; thence 
it retrogrades through opposition to its next station ; and so 
on continually, the total result of its motion in each synodical 
revolution being a progression from east to west, or in the 
order of the signs of the zodiac. 

Let us now consider what inferences may be drawn from 
the nature of Saturn's apparent motions on the celestial 
sphere. The first point to be noticed is the slowness of his 
retrogression when in opposition. Now, referring to fig. I, 
Plate IV., it becomes clear that this must arise from one of 
two causes. If P P' were very nearly equal to E E', E!*l*would 
be very nearly parallel to e' p 7 , or, in other words, the angle 
eoe' would be very small. Hence the slowness of Saturn's 
retrogression might arise from his velocity being very nearly 
equal to that of the earth. But again, if (the rest of the figure 
remaining unchanged) we make the orbit P P 7 p // very large, 
and suppose the planet's velocity in this large orbit to be 
no greater than in the smaller one, the angle eoe' would 
obviously become very small, for the farther P P / is removed 
from EE / the more nearly will e / p / and EP approach to 
parallelism. Thus, then, Saturn's slow motion in opposition 

that is, (since (d» + </*)" «D+</+2D J rf"rf, is greater than D + </, ) the apparent 
velocity in conjunction is greater than the apparent velocity in opposition. 
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might arise from the fact that his orbit is very large compared 
with that of the earth. Hence, within a week of Saturn's 
discovery, enough might be known to show that either his 
velocity in his orbit is very nearly equal to that of the earth 
in hers, or that he must move at an immense distance from 
the earth. 

Another fact revealed by observation points to the true 
cause of Saturn's slow retrograde motion. After opposition 
he retrogrades for nearly two months and a half. In this 
time the earth has completed nearly a quarter of her orbit, 
and therefore her path has become inclined at a very small 
angle to the line of sight to Saturn. Since, then, it is only 
when the earth's path is thus inclined that her superior 
velocity is so far compensated by inclination that Saturn 
appears to be stationary, it is clear that the earth's motion 
must be much swifter than Saturn's. Hence we have only 
one possible explanation left of the slowness of Saturn's 
retrograde motion ; namely, that it is due to his vast distance 
from the earth. 

Having arrived at this conclusion, let us see how the • 
ancient astronomers might apply the results of observations 
of the new planet (even those taken during only the first few 
months after discovery) to obtain more definite notions of his 
distance, and thence to determine his period. 

Let a small circle E e' e" (fig. 2, Plate IV.) be described 
to represent the orbit of the earth about S the sun ; and with 
the same centre let P P', part of a large circle, be described to 
represent Saturn's orbit, of which as yet nothing is supposed 
to be known but that it is large compared with the earth's 
orbit. Let E, P be the positions of the earth, and Saturn 
when the latter is in opposition, so that SEP is a straight 
line. Let e' be the position of the earth when Saturn is 
stationary, that is, two months and a half after opposition ; 
thus E s e' is an angle of about 75 . Through e' let the straight 
line e' p / be drawn, inclined to s P at an angle containing the 
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same number of degrees, minutes, and seconds, as the arc on 
the celestial sphere through which Saturn has been observed 
to move during the two months and a half following opposi- 
tion : thus E' k' is the line of sight from the earth to the 
planet when the earth is at E' ; and p', the point in which 
e'k' meets the planet's orbit, must be the position of the 
planet at that time. Produce P' E' to a convenient distance 
from e', to B ; through B draw B A in a direction perpendicular 
to s P, and draw E' A touching the circle E E' e" in E 7 . We 
have, then, the following facts to guide us : — the earth and 
Saturn both lie in the line B k' ; the earth is leaving this line 
in the direction E' A ; Saturn is leaving it in the direction of 
the tangent to P p' p" at p', a direction approximately parallel 
to B A. 1 Now the planet appears stationary when at p' — in 
other words, the rates of departure of Saturn and the earth 
from the line e' p* are exactly equal. If, then, we suppose a 
point to move from B in direction B A (which is parallel to 
Saturn's line of motion at P 7 ) with Saturn's velocity, and 
another point to start from E' at the same moment in direc- 
tion E' A with the earth's velocity, then, since the rates of 
departure of these two points from the line B e' are exactly 
equal, they would arrive at the point A at the same instant 
Hence the velocities of these moving points — which velocities 
are, by our supposition, the velocities of Saturn and the earth 
respectively — are respectively proportional to BA, E / A, the 
spaces they pass over in equal times. We arrive, then, at 
the important result, that Saturn's velocity in his orbit : the 
earth's velocity in hers :: the line BA : the line E'A, very 
approximately. If the figure is constructed with proper care, 
we have only to measure the lines B a and E 7 A to determine 
the value of this proportion ; or we can employ a very simple 

1 The tangent at P is parallel to b a ; since, then, the arc P P 7 is very small, 
the tangent at P*, which is perpendicular to s p', is inclined at a very small angle 
to the tangent at P, and is therefore very nearly parallel to B A, and for our pur- 
pose may be considered as actually parallel to B A. 
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trigonometrical calculation for this purpose. 1 Either method 
leads to the result that A e' is about 3-^ times as large as 
B A, or Saturn's velocity is to that of the earth in the propor- 
tion of 1 1 to 34, very nearly. 

We can now determine Saturn's distance in either of two 
ways. The orbit pp'p", assigned to Saturn in the above 
investigation, was simply a circle, large compared with E e' e", 
and it is to be observed that the dimensions of this circle had 
nothing to do with the formation of the triangle A B e', on 
which the determination of Saturn's velocity was made to 
depend ; except that, knowing the planet's orbit to be large, 
we were able to assert that the direction of its motion at P 
was very nearly parallel to B A. But we can apply the result 
just obtained to see whether P p' p" correctly represents 
Saturn's orbit For the arc pp / passed over by Saturn 
should bear to the arc E e / passed over, in the same time, by 
the earth, the proportion, above determined, of 1 1 to 34. In 
our figure P P / does not bear this proportion to E e', being too 
large. The radius s P is therefore too small, and we must 
select such a radius in place of s P that the arc intercepted 
between S P and E' P / may be of the requisite length, viz., 
iiths of EE / . It will be found that for this purpose SP 
should be about g\ times as great as S R 

We may confirm the correctness of this result by applying 
a second method to determine Saturn's distance. Observation 
shows that, when near opposition, Saturn retrogrades daily 
over an arc of about 4' 43" on the celestial sphere. Now 
Saturn is advancing from P with -Hths of the velocity with 
which the earth advances from E. Therefore Saturn's 
motion, as observed from the earth, is the same as if he were 
retrograding with f \ths of the earth's velocity. If, then, he 



1 In the triangle abb' the angle B A e' is equal to the known angle E s e', 
and the angle A E 7 B is the complement of the angle B e' s, which is the sum of 
two known angles ; viz. the angle ese' and the angle of inclination of e 'p' to 
s p. Thus the proportion that B A bears to A e' can be determined. 
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were at the same distance from the earth as the sun is, he 
would appear to pass daily over an arc equal to ffths of 
the arc passed over daily by the sun, since the sun's, apparent 
motion is due to the whole of the earth's motion. Now the 
sun passes daily over an arc of about 59' 8". 1 Thus Saturn, 
if he were at the sun's distance, would pass over nearly 40' o" 
daily. But Saturn actually passes over 4* 43", or about ^ths 
of the arc he would pass over if he were at the same distance 
as the sun from the earth. Hence his distance from the earth 
when in opposition must be greater than the sun's distance 
from the earth in the proportion of 17 : 2 ; that is, EP is 8^ 
times as great as SE; and therefore S P is 9^ times as great 
as S E. 

Having thus ascertained Saturn's distance approximately, 
another figure may be constructed (as fig. 3, Plate IV.) in the 
same manner, in which the orbits of Saturn and the earth are 
more correctly proportioned, and a new triangle abe' may be 
drawn, in which B A, instead of being at right angles to S P, is 
parallel to the tangent at P'. The proportion that B A bears 
to A E 7 in this triangle will more correctly represent the pro- 
portion that Saturn's velocity bears to the velocity of the earth 
than the corresponding proportion in the original triangle* 
Thence we can arrive at a new and more exact determination 
of Saturn's distance. This might be again applied to correct 
the triangle abe'; but the repetition of this approximative 
process would be useless after a second or third construction, 
since the errors of observation, and those due to the sup- 
position of circular orbits, are far more important than the 
corrections that would be obtained from a fourth or fifth 
construction. 

Having determined the proportion that the distance of 
Saturn from the sun, and his velocity in his orbit, bear to the 
distance and velocity respectively of the earth, Saturn's period 
follows at once. ' The path he describes in completing one 

1 The arc passed oyer daily by the sun is sd*sz °f 3^°° approximately. 
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revolution round the sun is 9 J times as great as the corre- 
sponding path of the earth, while his velocity is only -^ths 
of the earth's velocity ; therefore the time he occupies in 
■completing a revolution : the corresponding time occupied by 
the earth (that is, a year) as. y xfj : 1, or as 29J : 1, very 
nearly. Thus Saturn's year contains about 29^ of our years. 
Soon after passing his stationary point, Saturn arrives at 
another important position. When in opposition, he passes 
the meridian at midnight — that is, twelve hours after the sun, 
After this he souths earlier every night — until, when nearly 
three months have elapsed, he passes the meridian six hours 
after midday : in other words, Saturn in opposition was 180 
from the sun, but is now 90 from the sun. 1 Let fig. 4, Plate 
IE, represent the sun, Saturn, and the earth, in this position 
at S, P', and e', respectively. The angle p'e'^* is a right angle, 
and the angle E s E 7 very nearly a right angle, E e' being the 
arc passed over by the earth in three days less than a quarter 
of a year. Now p'e' is a tangent to the circle E e'e", since it 
is at right angles to S e'. Hence the earth when at e' is moving 
directly from Saturn at p', and the earth's motion therefore 
produces no modifying effect whatever upon Saturn's apparent 
motions on the celestial sphere : these are due to Saturn's 
own motion only. It is easily seen that, under these circum- 
stances, Saturn's motion, viewed from the earth at e', is exactly 
the same in amount as it would appear if viewed from the sun 
at S. For though e' p' is less than s p', and Saturn's path at 
P 7 not inclined at a right angle to E* p' as it is to s p', yet the 
two errors introduced by these causes act in opposite ways, 
and being exactly equal destroy each other. For if Saturn 
were viewed from S at a distance E' p', his motion would be 
greater than it would appear at a distance S p', in the propor- 
tion of S p' to E* P / ; and again, if Saturn's motion were in- 
clined to S P at the angle in which it is inclined to E pV that 

1 When thus situated, a planet is said to be in quartile, or quadrate to the 
.sun. 
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motion would appear less than it would if at right angles to 
S P*, in the proportion of E / P / to s P' ; l hence Saturn's actual 
motion, when at p\ is exactly the same in amount, whether 
viewed from E' or from S. Now it is found that Saturn's 
apparent daily motion at this time is slightly greater than 2'. 
His daily motion about the sun is therefore also slightly in 
excess of 2' ; so that he completes his orbit about the sun in 
rather less than 360 x 30 or 10,800 days.* 

Owing to a cause presently to be explained, Saturn does 
not in his progressive path exactly retrace his former retro- 
grade path on the celestial sphere. In the instance selected as 
an illustration of his movements, his advancing arc lies at first 
slightly to the south of his former retrograde path (see Plate 
II.) ; but in about four months and a half from opposition he 
returns almost to the exact place he had occupied when in 
opposition (his advancing arc afterwards lying to the north of 
his former retrograde arc). In fig. 4, Plate IV., let P, E be the 
positions of Saturn and the earth respectively, when Saturn 
is in opposition ; p", E" their respective positions four months 
and a half afterwards ; then, since Saturn is seen from the 
earth at e" in the same direction as when he was in opposi- 
tion to the sun (neglecting his northerly deviation, which 
corresponds to a very slight elevation above the plane of the 
paper on which the figure is drawn), e"p" must be parallel to 
E P. Now, since E e" is the arc passed over by the earth in 
four months and a half, E S e" is an angle of about 135° ; thus 
the point e' is known. We have then only to measure the 
arcs E e'e" and PP" passed over by the earth and Saturn, in 
the same time, to determine their relative rates of motion. 
The result confirms those already obtained. 

It may be mentioned that this method is independent of 
the two first, for it is not necessary (in applying it to deter- 

1 The sine of the angle e' p* p* is the ratio in this case ; but the angle e' p' p" 
is the complement of the angle e' p' s, and is therefore equal to the angle e' s p\ 
and the sine of E* s P / is equal to the ratio of e' p* to s p'. 

* The true period is 10,759} days. 
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mine Saturn's velocity) that S P should be even approximately 
known. All that is required to be known is the fact that 
Saturn's orbit is large compared with the earth's ; this being the 
case, it is easily seen that the arc P p' does not differ greatly 
from SA, the perpendicular on e"p". Having determined 
Saturn's velocity, his distance may be determined, as before, 
from his rate of motion in opposition. The construction may 
then be repeated, using this result to represent SP more 
correctly. In this way the ratio of Saturn's velocity to the 
earth's may be obtained with greater exactness than by the 
two former methods ; for, in the first, it is necessary that the 
angle between e'p' and E p should be very accurately measured, 
a slight error in this measurement having an important effect 
in vitiating the construction or calculation for determining 
Saturn's velocity. In the second method, Saturn's daily 
motion is too small to be accurately measured, except by very 
delicate and trustworthy instruments, very skilfully used. 
His rate of motion is also increasing each day, when he is in 
quartile after opposition, and the determination of the exact 
instant in which he assumes this aspect is not very easy. The 
third method, on the other hand, is founded on an observation 
of the simplest nature, and the arcs E e" and P p" may be 
easily measured or calculated. 

The results, however, of the first few months' observations 
of the distant stranger could, of course, be viewed only as 
rough approximations, to be corrected as time enabled the 
astronomer to apply more exact and trustworthy methods of 
investigation. 

When a year had passed from the time at which Saturn 
was in opposition, the celestial sphere had apparently made 
a complete revolution round the earth, so that each star rose, 
culminated, and set at the same hours at the end as at the 
beginning of that interval. But Saturn had been slowly ad- 
vancing in his orbit during that period — that is, he had been 
moving from west to east ; and since the apparent annual 
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revolution of the celestial sphere (like its apparent daily 
motion) is front east to west, Saturn had not yet reached 
opposition when the year was completed, but was to be found 
at midnight somewhat to the east of the meridian. Twelve 
days and three quarters elapse before he is in opposition, or 
has completed a synodical revolution, as it is termed, about 
the earth. 

If the exact moments at which Saturn was in opposition, 
or the beginning and end of a complete synodical revolution, 
had been accurately noted, his period could have been at once 
determined, on the supposition, at least, that both Saturn and 
the earth move in uniform circular orbits. It is not, however, 
probable that ' the ancient astronomers - could accurately 
determine the moment at which a planet arrived at opposi- 
tion — an operation of some difficulty. After a few years, 
however, Saturn's average synodical period was no doubt 
determined with considerable accuracy. As already men- 
tioned, this period exceeds a year by twelve days and three 
quarters. Let us consider how this result may be applied to 
determine Saturn's period of revolution in his orbit, or his 
sidereal period. 

Let S (fig. i, Plate V.) be the sun, E, P the positions of the 
earth and Saturn in their orbits when Saturn is in opposition 
at the beginning of a synodical period, E', p' their respective 
positions when Saturn is next in opposition — that is, at the 
end of the synodical period. Thus SEP and s'e'p' are straight 
lines ; the arc P p' is passed over by Saturn in a year, twelve 
days, and about eighteen hours, or in rather more than 378 
days ; and during this time the earth has performed a com- 
plete revolution, and in addition the arc E e'. Thus the earth 
has passed over the arc E E' in I2| days. Hence, since 
Saturn and the earth pass over the arcs pp' and E E' in 378 
and 12} days respectively; and since, further, the arc pp' 
bears the same proportion to Saturn's complete orbit that the 
arc E E' does to the earth's orbit ; the times in which Saturn 
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and the earth perform their complete orbits are to each other 
in the proportion of 378 to I2|— that is, of 15 12 to 51. But 
the earth performs her complete orbit in a year; hence 
Saturn's period is ^f}* years, or rather more than 29 J years. 
From careful observations of each return of the planet to 
opposition, Saturn's synodical period became still more 
accurately ascertained, and thus his sidereal period was more 
correctly determined. This period is 10759*2197106 days. 
When this interval had elapsed from the time of his first dis- 
covery, Saturn had completed a revolution about the sun. It 
is not, however, so simple a matter as it might at first sight 
appear to determine from Saturn's position on the celestial 
sphere the exact instant at which a sidereal period, commenc- 
ing at any given moment, is completed. In a sidereal period 
Saturn completes very nearly 2$± synodical revolutions ; 1 
thus Saturn is in altogether different aspects with respect to 
the sun at the beginning and at the end of such a period. 
For instance, if Saturn is in opposition at the commencement, 
he is very near conjunction at the end of a sidereal revolution, 
and is therefore not visible. On the other hand, if he is in 
quadrature preceding opposition at the commencement, he is 
very near quadrature following opposition at the end of a 
sidereal period, and vice versd. Now it follows, from what 
has been already shown, that from conjunction to opposition 
Saturn appears in advance of his true position * in his orbit, 
whereas from opposition to conjunction he is behind his true 
place. Hence, if Saturn is in quadrature preceding opposition, 
or apparently in advance of his true position, at the beginning 
of a sidereal period, then, at the end (when, of course, his true 
position is the same as at the beginning), he appears not to 
have reached his true place, still less the place he appeared 

1 The number of synodical revolutions in a sidereal period is obtained by 
dividing 10759*2197106 by 378*090 : it is therefore 28*457 very nearly. 

* That is, his position in his orbit as it would appear to an eye placed at the 
sun's centre ; or, as it is termed, his heliocentric position. 

C 
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to occupy at the commencement of the period. And in 
whatever aspect we suppose Saturn to be at the beginning of 
his sidereal period, the same difficulty presents itself. From 
the knowledge of Saturn's period and distance already 
obtained, the astronomer could correct the discrepancies due 
to this cause, and, if necessary, apply the period thus deduced 
(which would be more nearly correct than his former results) 
to obtain a more accurate approximation. These results 
could be still further corrected by comparing the results 
obtained when different epochs are assumed from which the 
sidereal periods are supposed to commence ; and when Saturn 
had completed several complete revolutions about the sun 
from the time of his first discovery, there can be little doubt 
that the length of his sidereal period had been very accurately 
determined by astronomers. 

Sir John Herschel has shown in his i Outlines of Astro- 
nomy ' that the distance of a superior planet whose period is 
known may be determined by observing its motion during a 
single day when in opposition. In the case of Saturn, how- 
ever, this method would not be more exact than those already 
indicated, since Saturn's motion when in opposition is very 
slow, 1 and a very small error in the determination of the arc 
he daily traverses at this time would altogether vitiate the 
result of calculation or construction founded upon such deter- 
mination. The following process is more trustworthy : — 

Let the time in which Saturn passes from opposition to 
his stationary point, and the arc on the celestial sphere passed 

1 When Saturn is near opposition he passes over a space on the celestial 
sphere equal to the mean diameter of the moon's disc in about 5j days. It may 
be mentioned, however, that this is a much smaller space than might be supposed. 
The brilliancy of the moon deceives the unaided eye, and the impression is con- 
veyed that the moon covers a larger space on the celestial sphere than it actually 
does. Thus the space between two neighbouring stars of the three (nearly 
equidistant) forming Orion's belt would be considered by the unaided eye as some- 
what less than the moon's apparent diameter, which yet it exceeds in the propor- 
tion of three to one. The distance between the two stars Mizar and Alcor (the 
middle star in the tail of the greater Bear), which appear so close to the naked 
eye, is equal to the moon's apparent semi-diameter. 
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over by him in that time, be accurately noted. Then, know- 
ing Saturn's period, we know also the arc of his orbit he 
actually passes over in that time, on the supposition, at least, 
that his orbit is circular and his motion uniform ; and we 
know, also, the arc of her orbit passed over by the earth in 
the same time. We can proceed, then, to the following con- 
struction : — 

Draw the circle E^EE' (fig. 2, Plate V.) to represent the 
■earth's orbit about s, the Sun. Let s E K be the line on which 
the earth, Saturn, and the Sun are situated when Saturn is in 
opposition. Let the angles KSL' and K S E 7 be the angles 
swept out about the Sun by Saturn and the earth, respectively, 
during the time in which Saturn passes from opposition to 
his stationary point : thus, when Saturn is stationary, the 
earth is at E / , and Saturn sotnewlure in the line S L'. Again, 
through E / draw e' k' inclined to S K in an angle containing 
as many degrees, minutes, and seconds, as the arc on the 
celestial sphere passed over by Saturn in the interval of time 
we are considering : thus e' k' is the line of sight from the 
earth to Saturn when he is stationary ; so that at this time he 
must be sofnewhere in the line E' k'. But we have already 
seen that at the same moment he is somewhere in the line 
S I/. Hence the point P', in which the two lines E / K' and S l' 
intersect, is Saturn's actual position at this moment We 
have, then, only to compare the lengths of the lines s P' and 
-S E by simple measurement, to determine the relation between 
the distances of Saturn and the earth from the sun ; or we 
can obtain the required relation by a very simple trigono- 
metrical calculation. 1 

Instead of determining the interval of time and the arc 
passed over from the moment of opposition to the following 

1 Thus :— in the triangle seV the side s&'is known ; the angle e'sp', being 
the difference of two known angles (e'sk and p'sk), is known : and so also is the 
angle eVs, since it is the sura of two known angles (p'sk and the angle between 
the lines e'k' and SK) ; hence we can determine the remaining sides and angles of 
tht triangle seV, and sp* becomes known, 

c 2 
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station (a matter of some difficulty), the interval and arc 
between the station preceding and the station following oppo- 
sition may be noted. If e" and E' be the positions of the 
earth at those epochs respectively, SP, bisecting the angle 
E' S e", is the line of opposition. If, then, sp'l' and S p"l" 
are each inclined to s P in an angle equal to half that swept 
out by Saturn in his orbit, in the interval between the two 
stations, while E / p' k' and E // p" K" are each inclined to s P in 
an angle corresponding to half the arc passed over by Saturn 
on the celestial sphere in the same interval, p / and p" are 
both points on Saturn's orbit ; and the measurement of S p' 
or S p", or the trigonometrical calculation of the length of 
either as compared with the length of S E, enables us to deter- 
mine as before the relation between the distances of Saturn 
and the earth from the sun. 

If the orbits of Saturn and the earth were circular and in 
one plane, this method and those before described would be 
strictly exact The results obtained would be affected only 
by errors of observation, of construction, or of calculation. 
To such errors, at first, the astronomers of old must have 
been inclined to attribute the discrepancies which appeared, 
not only between the results obtained by different methods, 
but between results obtained by the same method applied at 
different times. If the first three methods described be so 
applied, Saturn appears to be traversing an orbit at one time 
larger, at another smaller, than the orbit resulting as the 
average of a large number of observations ; while his velocity 
is less in the larger orbit, and greater in the smaller, than his 
mean velocity. If, on the other hand, Saturn's sidereal period 
be assumed as the basis of calculation, there still appears a 
discrepancy in the magnitudes of the orbits determined at 
different epochs, but the velocities thence determined appear 
greater in the larger, and less in the smaller orbits. The 
ellipticity of Saturn's orbit and the variations in his velocity, 
to which these discrepancies are due, will be considered further 
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on. In the case of Saturn, the resulting irregularities, though 
not so marked as those of the Moon, Mars, and Mercury, 
must have been sufficiently obvious to the careful observer, 
even of old times, and their periodicity could hardly fail to 
attract his notice. Indeed, there are reasons for supposing 
that the early Chaldaean astronomers detected these irregu- 
larities in the planetary movements, and assigned them to 
their true cause. 1 

Another circumstance in which Saturn's orbit differs from 
the uniform orbit we have imagined — an irregularity un- 
doubtedly detected in very early times — remains to be con- 
sidered. 

If the orbits of Saturn and the earth lay in one plane, it 
is evident that the line of sight from the earth to Saturn 
would always lie in this plane, and thus, whatever effect the 
motion of the earth might have on Saturn's apparent motions, 
he would always be seen on the circle in which this plane 
meets the celestial sphere; in other words, Saturn would 
always be seen on the ecliptic. Hence, in retrograding, he 
would appear to retrace part of his former progressive path 
and vice versd. His actual apparent movements are not of 
this nature. He follows a looped and twisted course, as 
shown in Plates II. and III. ; his retrogressive path lying 
sometimes above and sometimes below his progressive path, 
and vice versd. It is clear, then, that Saturn's orbit cannot lie 
in the same plane as the earth's orbit 

The inclination of the plane of Saturn's orbit to the 
ecliptic is small. Since both planes pass through the Sun's 
centre their line of intersection passes also through that 
point. This line is called the line of Saturn's nodes ; and 
when, in travelling along his orbit, he reaches this line 
he is said to be in a node. One half of his orbit lies to the 
north,* the other half to the south of the ecliptic. When he 

1 See Note A, Appendix. 

* That is, on the same side of the ecliptic as the north pole of the earth. 
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is passing from the southern to the northern side of the 
ecliptic he is said to be in his ascending node \ and in his 
descending node when he is passing from the northern to the 
southern side of the ecliptic 

Thus in fig. 3, Plate V., let np / p ,/ n' represent the 
northern half of Saturn's orbit (viewed in perspective),. 
nEn'Ef the earth's orbit, and N//'/"n' the projection of 
Saturn's orbit on the plane of the earth's orbit. Let NSN' 
be the line of Saturn's nodes on this plane, and let s P* be at 
right angles to N~s n', so that, when at P 7 , Saturn is at his 
greatest distance from the ecliptic on the northern side. 
Then the angle P 7 S/' is the angle of inclination of the plane 
of Saturn's orbit to the ecliptic ; N is Saturn's ascending 
node, n' his descending node. 

The ancient astronomers determined the positions of 
the nodes of the planets, and the inclinations of the 
planetary orbits to the ecliptic, with tolerable accuracy* 
The exact determination of these elements is not easy. 
Let us consider the methods applicable in the case of Sa- 
turn. 

When Saturn is at a node, at N or n', it is clear that, 
wherever the earth may be, the line of sight to Saturn lies in 
the plane of the ecliptic. It is equally clear that when Saturn 
is at any other part of his orbit he is not seen on the ecliptic,, 
for the line of sight from the earth no longer coincides with 
the plane of the ecliptic. Thus, if we can determine the 
exact moment at which Saturn appears to cross the ecliptic, 
we know that at that moment he is in a node. It does not, 
however, necessarily follow that the point at which Saturn 
appears to cross the ecliptic indicates the position of the 
node. Saturn, as we have already seen, may appear behind,, 
or in advance of his true place, at the moment of passing his 
node. If the correction due to this cause were made, how- 

Strictly speaking, the terms north, south, east, and west refer to the equinoctial 
only. 
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ever, the position of Saturn's node would become known from 
such an observation. 

If the plane of Saturn's orbit were inclined at a consider- 
able angle to the plane of the ecliptic, this method would be 
as accurate as it is simple. But the angle is so small in the 
case of Saturn (as of nearly all the planets) that it is difficult 
to determine the exact point at which he passes the ecliptic. 
For several degrees on either side of this point his distance 
from the ecliptic is scarcely appreciable. It must further be 
remembered that the determination of the exact position of 
the ecliptic itself upon the celestial sphere is a problem of no 
inconsiderable difficulty, and a very slight error in its solution 
would introduce a very important error in the determination 
of the nodes of a planet whose orbital plane is inclined at a 
very small angle to the ecliptic. 

If it were not for the difficulty of determining the exact 
moment at which Saturn crosses the ecliptic, his period could 
be determined with far greater accuracy by successive obser- 
vations of his nodal passages than by any other method. 
For, in the first place, the interval between . successive 
passages of his ascending node (or of his descending node) 
is constant, being in fact no other than his sidereal period. 1 
In the second place, the observation to be made is simple, 
and the position of the earth in her orbit exercises no modi- 
fying influence on the result as in other methods. 

Let us next consider how the angle in which the plane of 
Saturn's orbit is inclined to the plane of the ecliptic may be 
determined. If it were not very small, all that would be 
necessary would be to observe the angle between Saturn's 
path and the ecliptic at the time of either nodal passage ; it 
is plain that this angle, Q' N / or rn' r, is the same as the 
angle p's/', whose value is required. This method is in* 

1 Strictly speaking, this interval, which may be called Saturn's nodical period, 
is neither constant nor equal to his sidereal period ; but both errors must be 
measured, not by days and hours, but by minutes and seconds. 
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applicable in the actual case ; but a very simple method may 
still be employed. After passing a node Saturn moves farther 
and farther from the ecliptic, through about 90 of his apparent 
path, and attaining here a maximum distance from the ecliptic, 
approaches nearer and nearer to it, till he is again upon the 
ecliptic, or at a node. Now, if the observer were placed at 
the sun's centre these motions of separation and of approach 
would plainly be continuous, since Saturn and the earth 
would each appear to describe a great circle on the celestial 
sphere. Further, it is perfectly clear that the arc measuring 
Saturn's distance from the ecliptic, when he is farthest from 
that great circle, contains as many degrees, minutes, and 
seconds, as the angle between the planes in which Saturn 
and the earth are moving. If, then, the supposed spectator 
in the sun were to measure this arc on the celestial sphere, 
he would know the angle we are seeking. But to the actual 
observer on earth Saturn's apparent motions of separation 
from and approach towards the ecliptic are not continuous ; or 
rather, though continuous, we cannot divide them into two 
periods, one of separation, the other of approach. Although, 
on the whole, Saturn's distance from the ecliptic appears to 
be increasing, through about 90 of his path from a node, his 
apparent path on the celestial sphere is twisted into loops of 
varying shape, in his motion along which he moves alternately 
from and towards the ecliptic. His return to the ecliptic is 
effected in the same manner. The reason may easily be 
seen ; if Saturn is in any other part of his orbit except either 
node, the line of sight from the observer on earth only lies in 
the plane of Saturn's orbit when the earth herself is in that 
plane ; in other words, Saturn is only seen on his true or 
heliocentric path when the earth is on the line of nodes, 
either at n or n\ In moving from n through E to «', the 
earth is south of the plane of Saturn's orbit, and Saturn 
therefore appears north of his true path ; similarly, while the 
earth moves from »' through E' to n, Saturn appears south of 
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his true place. Hence, if the earth is at any other part of her 
orbit but n or nf when Saturn attains his greatest distance 
from the ecliptic, a corresponding correction must be made 
on this account A further slight correction is necessary on 
account of the difference between Saturn's distance from the 
earth at the moment of observation and his mean distance 
from the sun. The inclination of Saturn's orbit to the ecliptic 
may, however, be determined very approximately without 
attending to the first of these corrections. For when Saturn 
is describing the part P p' p" of his orbit, his distance from the 
ecliptic varies very slowly. But during this time the earth 
describes rather more than one complete revolution, and 
therefore passes both the points n and tt of her orbit If the 
distance of Saturn from the ecliptic be measured when the 
earth is at either of these points, and increased in the propor- 
tion of the distances of the earth and sun from Saturn at this 
time, then the required angle contains as many degrees, 
minutes, and seconds, as the arc thus determined, very 
approximately. The nearer Saturn is to the point p', or to 
the opposite point of his orbit, when the earth is passing n or 
»', the more exact will be the determination of the angle 
required. In the course of two or three revolutions of 
Saturn, one observation at least that is perfectly trustworthy 
may be effected. 

It is found in this manner that Saturn's orbit is inclined 
to that of the earth at an angle of about 2\°. Owing to the 
causes mentioned in the preceding paragraph, his. greatest 
departure from the ecliptic exceeds this angle by about a 
quarter of a degree. The arc of the celestial sphere, then, 
that measures Saturn's greatest possible departure from the 
ecliptic is rather more than five times as great as the moon's 
mean apparent semi-diameter. The distance between the 
two stars commonly known as the Pointers 1 is almost exactly 
double the arc we are considering. 

1 That is, a (Dubhe) and £ Ursae majoris. 
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Owing to causes which will be mentioned further on, both 
the position of Saturn's line of nodes and the inclination of 
his orbit to the ecliptic are variable. The annual variation 
in the inclination is always very small ; for long intervals it 
operates to increase, and for corresponding intervals to- 
diminish, the angle of inclination ; so that this angle varies 
in an oscillatory manner, the period of oscillation being 
very great, and the total amount of variation either way 
being very small. The line of nodes moves sometimes 
from east to west, sometimes from west to east, but the 
westerly motion prevails, so that on the whole the line of 
nodes revolves in a retrograde direction, but so slowly that 
a complete revolution is not effected in less than 66/xx> 
years. 1 

The looped nature of Saturn's apparent path on the 
celestial sphere is due to the inclination of the plane of 
Saturn's orbit to the plane of the ecliptic. The varying forms 
assumed by the loop correspond to Saturn's varying positions 
in his orbit. When he is near a node his path is twisted,, 
but without a loop : for instance, when he is near his ascend- 
ing node his path is as shown in Plate II. (where the path, 
crosses the ecliptic). As he moves on in his orbit his path 
becomes looped, the loop lying to the north of his mean path* 
in the case we are considering (that is, after the passage of 
the ascending node), or on the side farthest from the ecliptic. 
The loop gradually develops : at first, the progressive path 
intersects the former retrograde path ; in each successive loop 

1 In tables of the planetary elements the longitude of Saturn's ascending node 
is described as subject to an annual decrease of 19**54. This is to be understood 
as referring to the retrograde motion in longitude of the ascending node. Since 
the precession of the equinoxes is 50" -I yearly (in longitude), the longitude of 
Saturn's ascending node increases annually by more than half a minute of arc 

2 That is, his heliocentric path ; in the maps forming Plates II. and III., 
Saturn's heliocentric path would be represented by straight lines drawn in the 
direction indicated by the general direction of his geocentric path, in such a 
manner that Saturn's greatest departures on either side of such line may be about 
equal. See the dotted lines in figures 4 and 5, Plate V. 
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the point of intersection falls farther and farther from the sta- 
tionary point following opposition, till it reaches the stationary 
point preceding opposition ; after this, for several successive 
loops the point of intersection lies on the former progressive 
path, being halfway between the stationary points when 
Saturn reaches his greatest distance from the ecliptic. From 
this point to the descending node the loops undergo similar 
changes in a reverse order ; the point of intersection passes 
to the station following opposition ; thence along the retro* 
grade path to the station preceding opposition (so that the 
opening between the loop and path, which before was towards 
the east, now lies towards the west) ; and finally, near the 
descending node, the path, as at the ascending node, is twisted 
without a loop. In passing from his descending to his 
ascending node, Saturn's path is similarly varied, the loop 
being now south of the ecliptic, or still on the side of Saturn's 
mean path farthest from the ecliptic. 

The causes of these phenomena will be made sufficiently 
apparent if we consider Saturn's motion during a synodical 
revolution in each of two extreme cases — viz., first, when he is 
at a node, and secondly, when he is at his greatest distance 
from the ecliptic. 

Suppose, then, first, that during a synodical revolution 
Saturn passes from Q to Q' (fig. 3, Plate V.), and is in opposi* 
tion when at his ascending node N. During this time the 
earth moves from a point slightly to the west of n\ through 
rather more than one complete revolution, to a point slightly 
to the east of ri. As the earth passes the point n ' Saturn 
passes from the northern to the southern side of his heliocen- 
tric path. He remains to the south of that path as the earth 
moves from ri through E' to n. When the earth is at n 
Saturn (in opposition at his ascending node) again crosses his 
heliocentric path and also the ecliptic, passing to the north of 
both these great circles of the celestial sphere. While the 
earth moves from n through E to ri Saturn remains to the 
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north of his heliocentric path, passing to the south as the 
earth passes the point ri. 

If, then, we draw the line ENE' (fig. 4, Plate V.) to repre- 
sent part of the ecliptic, and the dotted line s N /, inclined at 
an angle of 2\° to teE', to represent part of Saturn's heliocen- 
tric path, and combine the results of the preceding paragraph 
with the knowledge already obtained of Saturn's progressions 
and retrogressions, it is easily seen that Saturn's apparent path 
on the celestial sphere, during the synodical revolution con- 
sidered, is of the form Q n N ri q' ; «, N and ri being the 
points at which he appears to cross his heliocentric path ss'. 1 

Next let us consider the nature of Saturn's apparent path 
when he is at his greatest distance from the ecliptic. Suppose 
that during a synodical revolution he passes from P to p" (fig. 
3, Plate V.), and is in opposition when at his greatest distance 
from the ecliptic at P\ During this time the earth moves 
from a point slightly to the west of E' through rather more 
than a complete revolution to a point slightly to the east of E*. 
While the earth is moving to n she is on the northern side of 
the plane of Saturn's orbit, and Saturn is on the southern side 
of his heliocentric path. He passes to the northern side as 
the earth passes the point n ; remains on the northern side of 
his heliocentric path as the earth moves from n through E to ri 
(attaining his' greatest departure from that path when in 
opposition at p') ; crosses to the southern side as the earth 
passes the point ri ; and remains on that side throughout the 
remainder of the synodical revolution we are considering. 

If, then, we draw E e', fig. 5, Plate V., to represent part of 
the ecliptic, and the dotted line srinJ (parallel to E e' and 
at a distance from that line corresponding to an arc of 2} 

1 While traversing parts of this path near Q and Q', Saturn is not visible from 
the earth, being near conjunction. If he were visible in these parts of his orbit 
it would be found that at n and ri his departure from the ecliptic is greater than 
at any other moment during the synodical revolution considered. These points are 
therefore marked q and tf to indicate their correspondence with the points/ and 
j>" in the synodical revolution next considered. 
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degrees on the celestial sphere) to represent Saturn's helio- 
centric path, it is plain that Saturn's path during the synodical 
period is of the form P n p' n' p" ; n and ri being the points at 
which he appears to cross his heliocentric path. 1 

There is no difficulty in applying similar methods to deter- 
mine the form of Saturn's apparent path when he is in any 
other part of hisorbit. It will be found to vary in the manner 
described above. The following consideration may assist the 
student : — 

Since Saturn is seen on his heliocentric path whenever the 
earth is at n or tf', his geocentric path crosses his heliocentric 
path once in every six months ; now, Saturn completes a syno- 
dical revolution in a period exceeding twelve months by twelve 
days and three quarters ; thus the points of intersection of his 
geocentric and heliocentric paths fall successively further and 
further back, in each successive synodical loop, by the space 
Saturn traverses in 6§ days ; they therefore occupy, succes- 
sively, every part of Saturn's synodical loops. 

1 While traversing parts of the path near P and p", Saturn is not visible from 
the earth, being near conjunction ; if he were visible in these parts of his orbit, it 
would be found that at/ and/", the positions he occupies when the earth is at 
e', he attains his greatest southern departure from his heliocentric path — or ap- 
proaches nearest to the ecliptic — in the synodical revolution considered. 



3o SATURN AND ITS SYSTEM. 



CHAPTER II. 

FALSE SYSTEMS — MODERN ASTRONOMY— ELEMENTS OF 

SATURN'S ELLIPTIC ORBIT. 

Before turning to the consideration of the methods and dis- 
coveries of modern astronomy, a few words about the system 
which explained Saturn's motions (in common with those of 
the other planets) on the supposition that the earth is the 
centre of the universe, will not be out of place. This system, 
and the fanciful and superstitious dreams of the middle ages, 
may be considered as occupying a place midway between the 
simple systems and intelligent inquiries of the Chaldaean 
astronomers, on the one hand, and the analyses and discoveries 
of modern times on the other. 

The difficulties connected with the Ptolemaic system are 
not due so much to the inherent error of the system itself, as 
to the fanciful hypotheses with which the originators of the 
system perplexed themselves. All the varieties of the plane- 
tary motions, except a few irregularities only to be detected 
by the most exact instrumental observation, may be as exactly 
•explained on the supposition that the earth is the centre of 
the system as on the true theory, and with almost equal sim- 
plicity. But the Epicyclians set themselves a problem of far 
greater complexity. They sought to explain the apparent 
motions of the heavenly bodies, not merely on the supposition 
that the earth is the centre of the system, but with the addi- 
tional hypotheses that all the members of the system move in 
circular orbits and with uniform velocities. Bodies terrestrial, 
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they argued, are gross, corrupt, and imperfect — therefore they 
move in imperfect orbits, with varying velocities ; bodies 
celestial are sublime, incorrupt, and perfect — therefore they 
move in perfect orbits with uniform velocities ; the circle is 
the only perfect figure — therefore the heavenly bodies move in 
circles ; but the supposition of uniform motion in simple 
circular orbits is insufficient to account for the apparent motions 
•of the heavenly bodies — therefore those motions must be 
explained by properly combining two or more sets of circular 
and uniform movements. Such was the problem they set 
themselves ; in what manner they solved it will appear by an 
illustration drawn from the motions of Saturn. 

Let E (fig. 1, Plate VI.) be the earth, cc'c"a circle about 
E as centre. Then, clearly, Saturn's progressive and retro- 
grade motions cannot possibly be explained by supposing 
him to move uniformly in the circle C C' C". Suppose, how- 
ever, that vp p'/', is a smaller circle, whose centre C is on the 
circle C c' C" ; and that while Saturn moves with uniform 
velocity round the circle vpv'ff, the centre of this circle 
moves uniformly round the circle CC'c", Then it is clear 
that if Saturn's velocity in the smaller circle is greater than 
the velocity with which the centre of that circle moves round 
the larger circle, his apparent motion will be retrograde when 
he is at or near /' ; and further, that by assigning suitable 
dimensions to the two circles, and a proper ratio between the 
velocities considered, Saturn's period of retrogression and the 
length of his retrograde arc may be readily explained. 1 

We have seen that Saturn's distance from the earth, at 
opposition, is variable. These variations may be explained 
with tolerable accuracy by supposing that the earth occupies 
an eccentric position within the circle C c' c", as at e\ 

Saturn's looped and twisted path may also be easily 

1 For this purpose the radius of the smaller circle must bear to the radius of 
the larger circle the proportion that the radius of the earth's orbit bears to that of 
Saturn ; again, Saturn must revolve once in a year round the smaller circle, whose 
centre must revolve once in a Saturnian year round the earth. 
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explained. We have only to suppose the plane of the circle 
p/ p* inclined at a small angle to that of the circle cc'c"; 
or, ihstead of this, we may suppose both circles to lie in one 
plane which oscillates through a small angle about a fixed line 
through the earth at E'. 

Smaller irregularities may be accounted for by supposing 
that vp v'p' is not Saturn's orbit, but the path of the centre 
of a smaller circle, S s s' /, along whose circumference Saturn 
moves uniformly. Again, we may suppose that the circle 
CC'c" is not the path of the centre of the circle Vp V p\ but 
of a point near the centre ; in other words, that the circle vp v'p' 
is eccentric as well as the circle C C* c". We may extend this 
eccentricity to the circle S s s' s\ or introduce additional variety 
by supposing any or all of the circles to lie in different or in 
oscillating planes ; in fine, by a series of such suppositions, 
which may be carried on ad infinitum, we may account for 
nearly every irregularity in Saturn's motion with a very close 
degree of approximation. 

To explain how these motions were supposed to be im- 
pressed and maintained by a system of celestial spheres, and 
through the complicated effects attributed to their rotations, 
would be out of place. The whole system, with its 

. . . centrics and eccentrics scribbled o'er, 
Cycle and epicycle, orb in orb, 

has been long since swept away, and its records merely remain 
as illustrations of perverted ingenuity. 

One point, however, connected with the Ptolemaic system 
of the universe remains to be noticed. If the earth really 
occupied the central place in our system, the actual, and even 
the relative distances of the various members of that system 
must have remained for ever unknown. Let us consider, for 
a moment, how the geometer ascertains the distance of an 
inaccessible object. To effect this, he observes the directions 
in which the object is seen from two convenient points, the 
distance between which he measures. Then, either by geo- 
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metrical construction, in which these relations are represented 
on a convenient scale, or, more exactly, by trigonometrical 
calculation, he determines the distance of the inaccessible 
object from either point That this determination may be 
depended upon, it is necessary, not only that the instruments 
with which the requisite data are obtained should be trust- 
worthy, but that the distance between the two points should 
not bear too small a proportion to the distance of the in- 
accessible object For instance, a base line of ten yards, with 
good instruments, would be sufficient for the determination 
of distances up to three or four hundred yards ; but it would 
obviously be altogether useless to apply such a base to deter- 
mine the exact distance of an object two or three miles off. 
The slightest error in the determination of either of the base 
angles would make a difference of a mile or two in the result 
deduced by construction or calculation. Now the length of 
the earth's diameter being about one-thirtieth part of the 
moon's distance from the earth, this distance can be deter- 
mined with tolerable accuracy from a base line whose extreme 
points lie on the earth's surface. 1 But the distances of the 
other members of our system (including the sun) from the 
earth are so vast that it would be altogether impossible to 
determine their actual distances by using any base line on 
the earth. To obtain any notion of their relative distances 
would require the utmost perfection and power of modern 
instruments, and the highest skill of the modern astronomer. 
Even with these appliances, our ideas of the relative distances 
of the planets would be as vague and uncertain, if the earth 
were the centre of our system, as are our present ideas 
of the relative distances of the fixed stars from the earth. 2 

1 Yet from the most trustworthy modern measurement it appears that the 
determination of the moon's distance hitherto adopted has been about twenty miles 
too great. 

' In the case of the sun, as in that of the moon, our base line is limited by 
the earth's dimensions ; and since the sun's distance is so vast compared with such 
a base line, we could expect to obtain no very close approximation to that dis- 

D 
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Nor is there any point in the Epicyclic theory that would 
enable its supporters to form even conjectures regarding the 
relative distances of the planets. It is plain that to an ob- 
server placed at E (fig. 2, Plate VI.) the appearance of a planet 
revolving uniformly round the circle P pVp"', while the centre 
of that circle moved uniformly round the circle c cV, would 
be precisely the same as that of a planet revolving uniformly 
round the circle pttp"&"> while the centre of that circle moved 
uniformly round the circle cc*<f\ if the periods of revolution of 
the two planets and of their orbit-centres were respectively 
equal. 

It appears, then, that if the Epicyclians had merely trusted 
to the results of observation applied on the hypotheses which 
formed their system, they could have had no accurate notions, 
even of the relative distances of the sun and planets from the 
earth, far less of their actual distances. For anything they 
could perceive to the contrary, Saturn might (after the moon) 
be the nearest of the heavenly bodies — Mars, Venus, or 
Mercury the most distant Yet we learn that the order of 
the planetary distances was known to the ancients at a very 
remote period. In the fanciful scheme ascribed by Philolaus 
to Pythagoras, in which musical tones were supposed to be 
produced by the revolution of the spheres bearing the planets, 
the note assigned to the Saturnian sphere was the hypate, or 
deepest tone, the note assigned to the moon's sphere the neate 
or highest tone of the celestial harmonies, the spheres of the 

tance. Accordingly, we find that before the discovery of the telescope the ideas 
of astronomers on the subject of the sun's distance were of the most vague and in- 
definite kind ; and the discovery lately made, that a long accepted determination 
of the sun's distance was too great by two millions of miles or more, shows 
that even in the present advanced state of the science of astronomy the problem 
is no easy one. In the planets Mercury and Venus, however, we have two 
objects, which serve, so to speak, as celestial instruments ; the sun's disc, at the 
times of their transits, serving as an index-plate. Observers at different parts of 
the earth's surface, marking the different indications of this celestial theodolite, 
calculate thence the solar distance. At favourable parts of his orbit, Mars, though 
a superior planet, serves the same purpose in a somewhat different manner, the 
celestial sphere serving as an index-plate. 
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other heavenly bodies being placed in their just order in the 
scale. It seemed probable, therefore, that the Greek astrono- 
mers had derived part of their knowledge from nations to 
whom the true system of the universe was known. 

Before turning to the discoveries of modern astronomy, it 
may not be uninteresting to dwell for a moment on the 
superstitious fancies of the astrologer. The origin of the 
system which ascribed an influence on the fates of men and 
nations to the planetary phenomena is lost in the obscurity 
of a far antiquity. It was probably connected with the 
Sabaeanism of the ancient Chaldaeans and Arabians, a form 
of religious worship derived from a purer system, in which 
the stars and planets were not themselves the objects of adora- 
tion, but simply regarded as types of the divine attributes. 
Astrology was gradually formed into a system showing few 
traces of the religious source from which it had been derived. 
Its complex and mystical character marks it as framed rather 
to deceive and impress the ignorant, than as possessing the 
confidence of its professors. Thus it became a weapon in the 
hands of the priesthood of Nineveh and Babylon, a weapon 
which might serve good or evil purposes, according to the 
character of him who wielded it, but which was too often 
employed to subserve the evil designs of the despotic em- 
perors under whose sway the priestly orders were subdued. 
It would be out of place to record here, at length, the details 
of the system itself, or to trace the gradual process by which 
astrology — deriving its origin from pure and lofty conceptions 
of the divine power, wisdom, and goodness — fell to the position 
it has now so long occupied, and became the tool of cheats 
and charlatans. It may be mentioned, however, that the 
idea of physical influences exerted by the planets in their 
varying positions, has been entertained by many who fully 
recognised the absurdity of the so-called astrological systems. 
Bacon (who was, however, but superficially acquainted with 
astronomy, and strongly prejudiced against the Coperaican 

D 2 
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system) considered an inquiry into such influences likely to 
lead to valuable results. c Astrology/ he wrote, ' is so full of 
superstition, that scarce anything sound can be discovered in 
it ; though we judge it should rather be purged than absolutely 
rejected/ He then propounded his ' Astrologia Sana/ which 
should contain inquiries into — (i.) the commixture of plane- 
tary rays in the different positions of the planets with respect 
to one another and on the zodiac ; (ii.) the zenith distances 
of the planets, or the planetary seasons ; (iii.) the influences 
of the planets at their apogees and perigees ; and (iv.) ( the 
other accidents of the planets' motions, their accelerations, 
retardations, courses, stations, retrogradations, distances from 
the sun, &c. ; for all these things affect the rays of the planets, 
and cause them to act either weaker or stronger, or in a 
different manner/ l 

The following lines of Chaucer present the gloomy and 
dismal ideas which astrologers naturally associated with 
Saturn's dull light and sluggish motions : — 

My dere doughter Venus, quod Saturne, 

My cours, that hath so wide for to turne, 

Hath more power than wot any man. 

Min is the drenching in the see so wan, 

Min is the prison in the derke cote, 

Min is the strangel and hanging by the throte, 

The murmure, and the cherles rebelling, 

The groyning, and the prive empoysoning, 

I do vengeaunce, and pleine correction, 

While I dwell in the signe of the leon. 

Min is the mine of the high halles, 

The falling of the toures and of the walles 

Upon the minour, or the carpenter : 

I slew Sampson in shaking the piler. 

Min ben also the maladies colde, 

The derke tresons, and the castes olde : 

My loking is the fader of pestilence. 

Another superstition, whose origin is equally obscure with 
that of astrology— the idea, namely, that the planets exerted 
influences (each on its respective metal) over the labours of 

1 'Advancement of Learning/ Book iii. Chap. 4. 
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the alchemist — is mentioned by the same poet in the Chanones 
Yemannes tale. He thus succinctly states the distribution of 
the metals among the planets — 

Sol gold is, and Luna silver we threpe ; 
Mars iren, Mercurie quicksilver we clepe ; 
Saturnus led, and Jupiter is tin, 
And Venus coper, by my faderkin. 1 

Let us now turn from the false systems and idle fancies 
which throve with rankest luxuriance — like fungous growths 
in darkened nooks — amid the ignorance and superstition of 
priest-ridden ages, to the awakening of science at the dawn of 
a new era. The life of Nicolaus Koppernik, or Copernicus 
— the restorer if not the discoverer of the true system of the 
universe — belongs to the latter part of the fifteenth and the 
beginning of the sixteenth century ; an age — as has been well 

1 No satisfactory explanation has been given, so far as I know, of the dis- 
tribution indicated above. That the two most valuable metals should be assigned 
to the sun and moon needs no explanation ; the silvery light of the moon, and the 
yellow or red light of the sun whenever it can be viewed by the naked eye, make 
the distribution still more appropriate. On a different principle one can under- 
stand why quicksilver should be assigned to Mercury, which is so difficult to 
detect, and whose motions are so rapid. On other principles the association of 
Mars and iron may be explained : for some resemblance can be imagined between 
the colours of the ruddy planet and of the red oxide of iron, or Haematite ; or 
the employment of iron in war might suggest the association ; or lastly, the in- 
vigorating and tonic properties ascribed to medicines containing iron correspond 
with the influences attributed to Mars by astrologers. The association of lead 
with Saturn may be explained on similar principles : the protoxide of lead (or 
Massicot) is of a pale yellow colour, somewhat resembling that of the planet ; or 
one may imagine lead assumed as the representative of the dull, slow-moving 
Saturn, from some such fanciful association of ideas as that expressed by Armado 
in 'Love's Labour's Lost,' — 'Is not lead a metal heavy, dull, and slow?'; or 
lastly, the association might have been suggested by the chilling and deleterious 
effects peculiar to medicines containing lead — still called by doctors Saturnine 
medicines. Why tin and copper should be assigned respectively to Jupiter and 
Venus is not very obvious. The connection between the name of the latter metal 
and that of the island Cyprus sacred to Venus is noticeable. A singular coin- 
cidence may be mentioned here : — in the list of metals in Numbers, chapter xxxi. 
verse 22, we have the representatives of the sun, the moon, and the four planets 
probably known to the Jews at that time ; and these four, ' the brass, the iron, 
the tin, and the lead,' are arranged in the order of the distances from the sun of 
the corresponding planets. That the word translated brass signifies copper is 
clear from the words of Job, chapter xxviii. verse 2, * brass is molten out of the 
stone.' 
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remarked by Humboldt — ' coinciding in a wonderful manner 
with the age of Columbus, Gama, Magellan ; the age of great 
maritime enterprises ; the awakening of a feeling of religious 
freedom ; the development of nobler sentiments of art.' l 
During the first years of the sixteenth century Copernicus 
was engaged at Rome, at Padua, and at Bologna, in discussing 
with the astronomers of the day the various theories which 
had been invented to explain the planetary motions. Struck 
with the complexity of these theories he was led, after trying 
several hypotheses (probably including the system generally 
attributed to Tycho Brahe), to the conviction that the sun is 
the centre around which the planetary scheme revolves. 
1 We find in this arrangement/ he says, c what can be discerned 
in no other scheme — an admirable symmetry of the universe, 
an harmonious disposition of the orbits. For who could 
assign to the lamp of this beautiful temple a better position 
than the centre, whence alone it can illuminate all parts at 
once ? Here the sun, as from a kingly throne, sways the 
family of orbs that circle around him.' * 

The new system met with fierce opposition ; not, at first, 
from the priesthood, but from astronomers. It was not 
merely that the views put forward were opposed to opinions 
that had been held so long : this would in any case have been 
sufficient to rouse a strong feeling of opposition ; but the 
system presented by Copernicus was wanting in simplicity. 
If he could have done away altogether with the old hypotheses 
of eccentrics and epicycles, the new system might have been 
more favourably received. This, however, he was unable to 
effect His own observations had shown him that the 
apparent planetary motions were too complex to be satisfac- 
torily explained by any hypothesis of simple circular orbits. 
He therefore retained in a modified form parts of the cumbrous 
systems of his predecessors. 

1 ' Cosmos/ vol. ii. part 2, § vii. 

* ' De Revolutionibus Orbium Caelestium,' lib. i. cap. io. 
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Nearly three-quarters of a century after the publication of 
the celebrated work of Copernicus, Kepler, who had become 
in early youth an ardent convert to the new doctrines, was 
able to remove from the scheme of the universe the last traces 
of the Ptolemaic hypotheses. Tycho Brahe, strenuously 
opposed to the views of Copernicus, had erected an observa- 
tory at Uraniberg, where he had traced the paths of the; 
planets on the celestial sphere with instruments more power- 
ful and accurate than those employed by Copernicus. Kepler 
availed himself of a series of observations of the planet Mars 
made by Tycho Brahe with these instruments, and applied 
them to an investigation of the Copernican system. It was 
not his object to overthrow the doctrines of circular motions 
and uniform velocities, but to determine by what combination 
of eccentrics and epicycles the actual movements of the 
planets could be explained. Mars was in every respect the 
best selection he could have made. This planet is the nearest 
of the superior planets, and therefore its motions on the 
celestial sphere are swifter than those of Jupiter and Saturn ; 
its orbit is also very eccentric ; ' on both accounts the true 
combination of epicyclic and eccentric motions should be 
more easily detected in the case of Mars than of any other 
planet 

Kepler calculated the motions that would result from such 
combinations with wonderful patience and accuracy, compared 
them with the actual motions of the planet, and was compelled 
to reject successively nineteen different hypotheses. Having 
exhausted the combinations of circular and uniform motion 
he began at length to inquire whether the orbit of Mars, 
obviously oval, might not be an ellipse, and whether his 
velocity, obviously variable, might not — on the supposition of 
an elliptic orbit — be found to vary by some simple law. At 

1 Mars in aphelion is more than 152,500,000 miles, in perihelion little more 
than 126,500,000 miles from the sun ; the difference of these distances is greater 
than one-fourth of the earth's mean distance from the sun. See fig, 3, Plate VI. 
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this new problem he worked with unflagging energy and 
patience, trying and rejecting numerous hypotheses. Finally, 
his labours were rewarded by the discovery of the true laws 
of planetary motion, constituting the two first of the ' laws of 
Kepler/ They are these : — 

i. Every planet moves in an elliptical orbit, in one focus 
of which the sun is situate. 

2. The line drawn from the sun to a planet (or the radius 
vector of the planet) sweeps over equal areas in equal times. 

From Saturn's motions in his orbit we can draw an illus- 
tration of these two laws. Let s, fig. 3, Plate VI., be the sun, 
E E' e" e"' the orbit of the earth, s / /' /" Saturn's orbit. 
These orbits are both ellipses, but in the figure they are 
represented by circles, because (on the scale of the figure) the 
difference of the axes of Saturn's ellipse would be very nearly, 
the difference of the axes of the earth's orbit altogether im- 
perceptible even on measurement The eccentricity of the 
earth's orbit is also too small to be noted in the figure ; 1 the 
eccentricity of Saturn's orbit will be at once observed. At e 
the earth is in perihelion ; E, E / , e", and E"' are the positions 
of the earth at the winter solstice, at the vernal equinox, at 
the summer solstice, and at the autumnal equinox, respec- 
tively : at s Saturn is in perihelion, at /' he is in aphelion, 
and s /' bears to Sja proportion rather greater than that of 
ten to nine. More exactly — the radius of the circle E E' E" E /// 
being taken as 1, the radius of the circle s N / n' is 9*538850 ; 
S/' is io # 072533 ; and sj is 9*005167. The two orbits, as 
already stated, lie in different planes, the line of whose inter- 
section passes through the sun : in our figure N s n' is this 

1 It is hardly necessary to remark that the eccentricity may be very observable 
in an ellipse, even when the outline differs inappreciably from a circle : the dif- 
ference of the semi-axes of such an ellipse bears a very small ratio to the distance 
of either focus from the centre — the ratio, namely, of the versed sine to the sine of a 
very small angle. For instance, the distance of the sun from the centre of Saturn's 
orbit is no less than 48,917,000 miles, while the difference of the semi-axes of 
Saturn's orbit is only 137,000 miles, or less than jj^th part of the former dif- 
ference. 
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line, N being Saturn's ascending node; thus if the earth's 
orbit be supposed to lie in the plane of the paper, the part 
N / n' of Saturn's orbit lies above the paper, and the part 
nV n below. The lines kK and It indicate the distances 
from the plane of the ecliptic of the points / and s"\ at which 
Saturn attains his greatest departure from that plane. l 

By the first law of Kepler, then, we learn that Saturn's 
orbit s/sf'sf" is an ellipse, and that the sun is situated at s, 
one of the foci of this ellipse. The second law of Kepler 
indicates the law of Saturn's motion in this orbit, which may 
be illustrated as follows : — Suppose that P P' f Q Q', and R R' 
are arcs over which Saturn passes in equal intervals of time ; 
then Kepler's second law asserts that if straight lines s P, s P / , 
S Q, S Q', s r, and S R' be drawn (to avoid confusion, these 
lines are omitted in the figure), the areas spp', SQQ' and 
SRR', are equal. Since the sector spp' is plainly shorter 
than the sector S Q Q', and SQQ' than s R R', it follows from 
the equality of these areas that the arc P p' is longer than the 

1 The orbits of the planets Mercury, Venus, Mars, and Jupiter, are respectively 
indicated by the circles mrf, vV, mm', and J J 7 , the points m, v, M, and J being 
the perihelia of those orbits. The line 8 o in each orbit is the line of nodes, 8 
being the rising node. In the case of Jupiter the greatest departures from the 
plane of the ecliptic are indicated by the lines ii and// ; in the other orbits the 
corresponding departures are too small to be thus represented. The angles of 
inclination of the orbits of Mars, Venus, and Mercury, to the ecliptic, are re- 
spectively, i° 51' 5"*5, 3 23' 33" *2, and 7 d 25"*o. The corresponding angle 
in the case of Jupiter is 1° 18' 36*7. It will be observed that the orbits of Mars 
and Mercury are more eccentric than those of the other members of the system. 
The dotted ring a a'a" marks the probable extent of the zone of asteroids, the 
orbits of which occupy the space between the orbits of Mars and Jupiter. 

The orbits of Uranus and Neptune have not been introduced into the figure 
on account of their dimensions. The mean distance of Uranus from the sun is 
about twice, the mean distance of Neptune more than three times, that of Saturn. 
The eccentricities of the orbits are respectively "0466 and *oo87, their inclinations 
to the plane of the ecliptic o° 46' 29" -9 and i° 46' 59/'. 

I may note here that it is quite impossible properly to represent the orbits of 
the planets in a single picture. In illustrating my article on ' Astronomy ' in the 
Encyclopedia Brittanica, therefore, I found it desirable to give two pictures, one 
representing the paths of the four so-called terrestrial planets — Mercury, Venus, 
the Earth, and Mars ; the other the paths of the four larger or giant planets — 
Jupiter, Saturn, Uranus, and Neptune. 
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arc Q q', and Q Q' than R r' — increase in the breadth of the 
sectorial area compensating deficiency in length. In other 
words Saturn's velocity in his orbit increases as he approaches 
perihelion, and diminishes as he approaches aphelion. Thus, 
when he is near perihelion, he appears to be describing an 
orbit smaller than his actual orbit, with a velocity greater 
than his mean velocity ; when he is near aphelion, these 
relations are reversed. His period,, therefore, would appear 
too small, if determined when he is near perihelion, and too 
great if determined when he is near aphelion. 1 

The absolute dimensions of the ellipse in which Saturn 
moves are as follows: his mean distance from the sun (or 
half the greater axis of his orbit) is no less than 874,321,000 
miles, his least distance (or Ss) is 825,404,000 miles, and his 
greatest distance (or &r") is 923,238,000 miles. The eccen- 
tricity of the orbit is very nearly '056. In this vast orbit he 
moves with a mean velocity of 21,160 miles an hour, sweeping 
out a mean hourly angle of 5 "'02 5 about the sun. He occupies 
10759*2197106 days in moving once round his orbit, or in 
completing a sidereal revolution. 2 

Kepler next inquired whether there existed any relation 
between the periods of the planets and the dimensions of the 
planetary orbits. He selected the mean distances (or the 
semi-major axes of the orbits) for the comparison, con- 
sidering that some relation might probably be found between 

1 The absolute velocity of a planet at any point of its orbit varies inversely as 
the length of the perpendicular on the tangent at that point : the angular velocity 
of the planet about the sun's centre varies inversely as the square of the planet's 
distance from the sun. There is a slight error in Nichol's statement that * by an 
appropriate choice of an eccentric circular orbit the sun's motion relative to the 
earth or to any planet ' (or, which is the same thing, any planet's motion relatively 
to the sun) * may be very closely approximated to/ on the supposition of uniform 
velocities. See article * Eccentric ' in Nichol's Cyclofxxdia of tfu Physical 
Sciences. On such a supposition the angular velocity of a planet about the sun's 
centre would appear to vary inversely as the distance, instead of as the square of 
the distance of the planet. 

* All the elements of Saturn's orbit are undergoing slow processes of change ; 
the natures and causes of some of these are examined further on ; the tables of 
Appendix II. indicate the amount of the annual variation of each element 
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the powers of these distances and of the periodic times. It 
was, however, only after many years' inquiry, that he arrived 
at the conclusion that it was here, and thus, that some new 
harmony in the planetary scheme was to be sought One 
would have thought the rest of the work was simple ; yet 
even when the very law he was seeking had occurred to him, 
two months and a half elapsed before he was able to verify 
it Let us consider how the law might have been determined 
from the orbits and periods of Saturn and the earth. Calling 
the mean distance of the earth 1, Saturn's mean distance is 
9*53885 ; again, calling the earth's period 1, Saturn's period 
is 29*4566 : — now what relation (if any) exists between these 
numbers, 9*53885 and 29*4566, or their powers ? The first is 
less than the second, but the square of the first is plainly 
greater than the second ; we must therefore try higher 
powers of the second number. Trying the next power, that 
is, the square of the second number, we immediately find 
the relation we are seeking, thus : — The square of the first 
number is less than the square of the second : but the next 
power, or the cube, of the first number is almost exactly 
equal to the square of the second. 1 Here then is the required 
law, if, only, it shall appear that the relation is confirmed 
when we try it upon other pairs of planetary orbits.. On 
trial it appears to be true for every such pair, and thus the 
third law of Kepler is established ; viz., that, 

3. The squares of the periodic times of the planets vary 
as the cubes of their mean distances. 3 

Such are the laws of Kepler — laws purely empirical as 
presented by him, but destined to prepare the way towards, 
if they did not directly lead up to, the grandest law of nature 

1 The cube of 9*53885 is 867*9369 ; and the square of 29*4566 is 867*691, 
differing from the first by less than 0*246. 

* The law may also be expressed as follows : — Fixed units of time and space 
being chosen, the square of the number expressing the periodic time of a planet 
bears a constant ratio to the cube of the number expressing th mean distance of 
the planet 
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yet discovered by man — the law of universal gravitation. 
Strictly speaking, none of Kepler's laws are correct: the 
planets being of appreciable mass and exercising attractions 
upon each other and upon the sun, their motions deviate 
from the orbits they would follow if these conditions did not 
exist — orbits which would be strictly in accordance with the 
laws propounded by Kepler. The accuracy of the laws, 
however, corresponded with, if it did not surpass, the 
accuracy of instrumental observation in Kepler's time, and 
for many years following the announcement of his important 
discoveries. 

In the latter half of the seventeenth century, Newton 
commenced the investigation of Kepler's laws. Kepler had 
sought to learn what are the paths of the planets, and what 
the laws they obey in pursuing those paths : Newton devoted 
the powers of his piercing intellect to inquire why the planets 
follow such paths and obey such laws. He sought, in fact, 
the physical interpretation of the observed phenomena. 

Newton first proved that a body moving in such a manner 
with respect to any point that its radius vector describes equal 
areas about the point in equal times, is moving under the 
influence of forces constantly directed towards or from that 
point According as the orbit thus described is concave or 
convex towards the point, the force acts towards or from the 
point. Since, then, each planet describes equal areas in equal 
times about the sun, and moves in an orbit whose convexity 
is towards him, the sun exerts an attractive force on each 
member of the system. 

Secondly, Newton demonstrated that if a body revolves 
in an elliptical orbit (or in an orbit whose form is any of the 
conic sections) under a central attracting force residing in one 
of the foci, that force varies as the inverse square of the 
distance of the attracted body. He further showed that 
Kepler's third law was a necessary consequence of attraction 
so varying. 
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In obtaining these results, Newton may be considered to 
have empirically demonstrated the existence of an attractive 
force exerted by the sun's mass, and to have established the 
law under which that force acts. The reader must be careful, 
however, to distinguish such a result from the establishment 
of the great law of gravitation. The mere determination of 
the law of attraction exerted by the sun on the planets and 
by these on their satellites, however interesting, would have 
been neither particularly valuable nor — except in being 
demonstrated — novel. The idea of attractions so exerted, 
and the very law of such attractions, had occurred to many 
astronomers long before Newton's day; nor does it appear 
that Newton himself attached any great value to the result, 
thus far, of his inquiries into the planetary laws of Kepler. 

The history of the process by which Newton arrived at 
the great discovery which has rendered his name famous has 
been repeated so often that it would be idle to give it here at 
length. The idea that the moon was retained in its orbit 
about the earth by the same attractive energy that causes 
unsupported bodies to fall to the earth, 1 appears to have 

'The story of the apple, whose fall suggested the first idea of his great dis- 
covery to Newton, is probably apocryphal. Whether it is true or not, the manner 
in which it is usually related in works on popular science is calculated to lead to 
altogether erroneous ideas of the nature of Newton's discovery. It would not 
have been the question, * Why does the apple fall ? ' — that Newton would have 
asked himself : the attraction of gravity had been known for many ages ; the laws 
of its action on falling bodies had been discussed, however erroneously, by Aristotle, 
and had been correctly established by Galileo. The inquiry might have been 
suggested, ' What if this attraction of gravity, so familiar to philosophers, of whose 
operation I have just witnessed an effect, has a wider range of action ? what if an 
attraction whose influence appears to be exerted alike on bodies of the most vary- 
ing natures, and to be unaffected by differences of elementary conformation, of 
form, or of physical condition, in the bodies acted upon, is itself exerted equally 
by bodies so differing ; is a property depending not upon the quality but simply 
on the quantity of matter ; is, in fact, a ' primitive power of nature,' exerted by 
every atom in immeasurable space, with a range altogether unlimited, however it 
may be modified, by distance ? ' It is quite possible that some simple event of the 
nature described might have started such a train of ideas in a mind like Newton's ; 
it is certain that the law he established after eighteen years of patient waiting, has 
no narrower significance* 
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occurred to Newton about the year 1666. He was unable, 
however, at that time, to establish the identity of the attractive 
energies displayed by the earth upon the moon and at her 
own surface, owing to the erroneous measure of the earth's 
radius then accepted. At length, in 1684, making use of 
Picard's more correct determination of the earth's magnitude, 
he was able to remove the discrepancy which had till then 
baffled him. He had already proved that, so far as terrestrial 
bodies were concerned, the earth's attraction is not influenced 
by the nature of the attracted object— that all solids, liquids, 
and gases, elementary and compound, in whatever physical 
state, are in the same degree under the influence of this omni- 
present agency ; he had now shown that the only celestial 
object whose motions are guided chiefly by the earth's attrac- 
tion, shows by its main movements that it is influenced in the 
same degree as any terrestrial object would be at the moon's 
distance, supposing the earth's attraction to diminish as the 
square of the distance ; and, lastly, he had proved that this 
law of variation prevails in the attractions of the celestial 
bodies. The conclusion deduced was announced by Newton — 
the last to rush from particular phenomena to general 
theories — in the grand cosmical law: — ' Every particle of 
matter in the universe attracts every other particle with a 
force varying directly as the product of the masses and in- 
versely as the square of the distance.' Under this law the 
satellites sweep round their primaries, these round the sun, 
the sun on his course within the star cluster to which he 
belongs, that cluster amidst its companion nebulas, and the 
whole system of nebulas amongst othor systems in immeasur- 
able space — all in their movements acted on and reacted upon 
by each other. And through the same great principle of 
nature, the least movement of the smallest insect on our globe 
has its influence on the motions of the most important mem- 
bers and systems of the universal Cosmos. 

It is interesting to notice how admirably the characters 
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of the three men whose labours had led up to and culminated 
in this magnificent discovery, were adapted to the parts each 
had to perform. To Copernicus was given the confidence 
without ostentation necessary to the philosopher who* is to 
refute ideas long held unquestioned : • Vir fiiitf says Kepler 
on this point, ' maximo ingenio, et quod in hoc exercitio tnagni 
est, animo liber' x Kepler's mind was cast in a different 
mould. He was not one who could originate a system, but 
rather one who, receiving a system from the hands of another, 
could appreciate its value, investigate its relations, and trace 
in it laws and analogies hidden from its discoverer. Inquisi- 
tive, ingenious, and imaginative, he pursued his inquiries with 
singular energy and untiring patience. In the midst of 
poverty, and tried grievously by a series of the most distress- 
ing domestic afflictions, he pertinaciously pursued, during 
twenty-three years, the path he had adventured upon.* 
Newton was endowed with a more comprehensive genius 
than either of his predecessors : bold and original like Coper- 
nicus — as observant, inquisitive, and patient as Kepler — he 
added to these qualities a piercing insight into those hidden 
operations and laws of nature to which celestial and terrestrial 
phenomena are due, and a wonderful aptitude in inventing 
and conducting experiments to confirm or correct his views. 
He was, on the one hand, the true philosopher of the Baconian 
type, forcing nature to reveal her secrets by sedulous and 
reiterated inquiries ; on the other hand, he afforded an early 
illustration of Bacon's error in supposing his system of philo- 

1 Preface to the * Rudolphine Tables,' published by Kepler in the year 1628. 

* We find him in the year 1595, at the age of twenty-three, seeking the laws 
of the planetary orbits in simple numerical relations, in ' the residua of sines and 
cosines,' and in the radii of circles inscribed in and circumscribed about triangles, 
squares, and polygons ; he even adopted, temporarily, a rough approximation 
drawn from the relations among the radii of spheres inscribed in and circumscrib- 
ing the regular polyhedra. The singular law called the law of Bode or Titius is 
due to the ingenuity of Kepler, who also preceded Olbers in the supposition 
that some invisible planet occupied the space between the orbits of Mars and 
Jupiter. 
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sophy would raise all its followers to one level, however 
various might be their talents or capacities : — As in genius, 
so in the work he accomplished, 'genus humdnum superavit! l 

In succeeding chapters of this work, we shall see how the 
theory of gravitation enables us to determine Saturn's weight 
and density. It has been applied also to determine the 
weight, and thence the probable thickness of Saturn's rings. 
In the sixth chapter, the great inequality of Saturn and 
Jupiter produced by the mutual attractions of these, the two 
most important members of the solar system, is examined 
and explained. 

If any doubts could have remained of the truth of the 
Copernican theory after the revelations of the telescope and 
the investigations and discoveries of Kepler and Newton, 
Bradley's discovery of the aberration of light must have 
finally removed them. By this important discovery he 
proved that every star in the heavens, in tracing out its yearly 
aberration-ellipse, reflects the motion of our earth about the 
sun, 9 and becomes, in fact, a shining record of the ceaseless 
movements of that world, which seems to the untutored mind 
the aptest type of immobility. 

1 It is a rather singular coincidence that Kepler and Newton, to whose 
labours, chiefly, the discovery of the system of the universe is due, were both pre- 
maturely born into the world :— Kepler four days before Christmas-day in the 
year 1571 ; Newton on Christmas-day 1642, the year in which Galileo died. We 
read of Kepler that ' he was a seven-months' child, very sickly during early life, 
and at the age of fourteen he was forbidden all mental application ; '—of Newton, 
that ' he was so small at birth, that he might have been put into a quart pot,' and 
( that the attendants successively despatched for medical aid were astonished to 
find him alive on their return. 

* It is plain that the stars are not the only objects whose positions on the 
celestial sphere are affected by the aberration of light ; the planets, asteroids, 
and satellites are similarly affected in different degrees according to the directions 
of their motions and those of the earth ; the sun's position is also affected by 
aberration, but with less variation in the amount of such affection. The moon is 
the only celestial body whose motions are not affected by aberration due to the 
earth's motion : the aberration due to her own motion is very small. The plane- 
tary and solar aberrations have been exactly computed, and are duly taken into 
account in determining the daily motions and positions of the sun and planets. 
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CHAPTER III. 

TELESCOPIC DISCOVERIES. 

In the beginning of July 1610, at Padua, Galileo first ex- 
amined Saturn with his largest telescope. Poor as this 
instrument would now be considered, 1 utterly insignificant as 
it would appear beside the gigantic tubes with which the 
Herschels, Rosse, Lassell, and Bond, have scanned the 
celestial depths, he had already effected, with it a series of the 
most important discoveries. He had completed its construc- 
tion in the preceding year — the year in which Kepler an- 
nounced his first and second laws ; and on January 7, 1610, 
he had discovered by its means four new members of the 
solar system circulating around Jupiter, the least of which is 
nearly as large as our moon, while the greatest is equal in 
magnitude to the planet Mercury. We can imagine with 
what emotions of interest and expectation he applied his 
telescope to the examination of the more distant planet. 

In July 1 6 10, Saturn was approaching opposition, and 
very favourably situated for observation. Yet the result of 
Galileo's inspection was not satisfactory. He could detect a 
peculiarity in Saturn's appearance, but he was unable to 

1 Galileo's largest telescope had a magnifying power of thirty-two diameters ; 
two others he employed had powers of four and seven diameters only ; the fields 
of view in all of them were very small. We learn from Brewster, who examined 
the largest a few years ago at Florence, that ( the object-glass was reduced to one- 
third of its area by a diaphragm of card, and the field was like a small hole.' A 
more powerful and far handier instrument may now be obtained in any optician's 
shop for a few shillings ; yet if we regard the absolute importance of the dis- 
coveries effected by different telescopes, few, perhaps, will rank higher than the 
little tube now lying in the ' Tribune of Galileo ' at Florence. 

E 
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determine the cause of that peculiarity. It appeared to him 
that on each side of Saturn's disc there was a minor disc 
The two lesser discs seemed to be perfectly equal and 
symmetrically placed on opposite sides of Saturn, whose disc 
they appeared to overlap. Continuing his observations for 
several months, Galileo found that the two smaller discs re- 
tained the same position and were apparently unaltered in 
magnitude. These appearances were altogether perplexing 
to him ; no phenomenon with which his telescope had 
hitherto made him acquainted, had prepared him to anticipate 
or understand a conformation so remarkable. The minor 
discs were evidently different from Jupiter's satellites: and, 
even if they were orbs attending on a central globe, it re- 
mained inexplicable that they should be always seen in the 
same position with respect to it, for this required that they 
should always be in the same position with respect to the line 
of sight from the observer on earth, a line whose motions 
partly depend, as we have seen, on the motions of the earth ; 
so that it would appear as if these singular attendant orbs 
were partly guided by the earth in their movements about 
Saturn. Notwithstanding this apparently inexplicable cir- 
cumstance, Galileo accepted the triplitity of Saturn as the 
only possible explanation of the phenomena, and in November 
1 6 io, he told Kepler that ' Saturn consists of three stars in 
contact with one another.' He announced the supposed dis- 
covery to the world of science, in the form of an anagram 
produced by transposing the letters of the sentence : — « altissi- 
mum planetam tergeminum observavi? 'I have observed that 
the most distant planet is triform ; ' adopting this fanciful 
plan to prevent other astronomers from claiming the honour 
of the discovery. 

After an interval of a yea* and a hal£ Galileo again ex- 
amined Saturn. To his infinite amazement not a trace was 
visible of the appearances that had perplexed him before ; 
there in the field of view of his telescope was the golden- 
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tinted disc of the planet as smoothly rounded as the disc of 
Mars or Jupiter. 1 We can imagine how, in his perplexity, he 
must have thought his telescope in fault, and how, adjusting 
the instrument, and cleaning the glasses, he must again and 
again have brought the planet into the field of view, — still to 
see a single disc, where he had expected to see his triform 
planet Finally, confused and amazed by a change so 
startling, he seems to have been inclined to put faith for the 
moment in the assertions of his enemies, that the discoveries 
he had reported had been mere illusions, justly sent to punish 
a spirit too prying and inquisitive : — ' Is it possible,' he ex- 
claimed, ' that some mocking demon has deluded me ? ' 

The changes that Galileo afterwards detected in Saturn's 
appearance were still more perplexing. The minor orbs 
reappeared, and waxed larger and larger, varying strangely in 
form ; finally, they lost their globular appearance altogether, 
and seemed each to have two mighty arms stretched towards 
and encompassing the planet 

From a drawing in one of his manuscripts it has been 
supposed that Galileo suspected the true cause of these start- 
ling changes. In this drawing Saturn is represented as a 
globe resting upon a ring. It seems more probable, however, 
that this drawing is a modern addition to the manuscript, 
and that Galileo was never able to explain the phenomena 
whose succession he had observed and recorded. 3 

Hevelius, with more powerful instruments, but in a climate 
less favourable to the astronomical observer, was not more 
successful than Galileo in explaining Saturn's mysterious 
changes of form. In the year 1656 he published his treatise 

1 The ring disappeared on December 28, 1613, its plane passing through the 
sun ; in the spring of 1613 the ring reappeared, its plane passing through the earth. 
There was no other disappearance at this passage of the ring's plane across the 
orbit of the earth. See Chapter IV. 

9 From a calculation I have made I find that the ring disappeared again in the 
year 1626, the plane of the ring passing through the earth early in September, and 
through the sun on the 15th of September in that year. Galileo became blind in 
i$37- 

E 2 
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* de nativd Saturni faciei * n which he announced the result of 
his observation, concealing his real perplexity under a flight 
of sesquipedal words. 'Saturn/ he informed his contem- 
poraries, with an amusing attempt at accuracy, ' presents five 
various figures to the observer — to wit : first, the mono- 
spherical ; secondly, the tri-spherical ; thirdly, the spherico- 
ansated ; fourthly, the elliptico-ansated ; fifthly, and finally, the 
spherico-cuspidated.' 

A year or two before, Huygens, with a telescope of 12 feet 
focal length, had detected dark spaces enclosed within the as 
yet unexplained appendages on each side of Saturn's disc. 
Thus Saturn appeared as a globe, with two handles symmetri- 
cally placed on either side ; or, as Hevelius expressed it, as 
an ansated spheroid. Subsequently, with a telescope of 23 
feet focal length, and magnifying 100 times, Huygens saw 
these dark spaces more distinctly: but the true figure and 
structure of Saturn remained still a mystery to him. Some 
of the changes observed in Saturn's appearance could be 
explained by supposing the two appendages to be actually 
ansae, or handle-formed structures attached to Saturn's body, 
but others remained inexplicable. It was not credible that 
the motions of Saturn's globe should be so exactly adjusted to 
those of the earth in her orbit, that the diameter through the 
ansae should be always at right angles to the line of sight from 
the observer on earth ; yet, if this were not the case, it 
remained impossible to explain how it happened that — what- 
ever variations might appear in the forms of the ansae — they 
always seemed to stand out to the same distance from the 
disc of the planet 

In the spring of 1656 Saturn appeared without his ansae, 1 
though Huygens examined him with a telescope of 123 feet 

1 The plane of the ring passed through the sun early in March 1656 ; it had 
passed through the earth in the autumn of 1655, but Saturn was not then favour- 
ably situated for observation. After its plane had passed through the sun the ring 
became visible but disappeared a few weeks after, its plane passing through the 
earth. The ring reappeared finally, in the summer of the same year. 
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focal length — one of the aerial telescopes he had himself 
invented. After observing the circumstances attending the 
disappearance and reappearance of the ansae, and carefully 
investigating the theories which appeared most plausibly to 
account for the phenomena, Huygens at length arrived at the 
true explanation. He announced to his contemporaries, in 
the year 1659, that Saturn is girdled about by a thin flat ring, 
inclined to the ecliptic, and not touching the body of the 
planet 1 He showed that all the variations in the appearance 
of this ring are due to the inclination of its plane to the 
ecliptic, while the tenuity and flatness of the ring explain its 
disappearance when the edge is turned to the spectator or to 
the sun. He found that the diameter of the outer circumfer- 
ence of the ring exceeded the diameter of Saturn's globe in 
the proportion of about 9 to 4 ; and he considered the breadth 
of the ring about equal to the breadth of the space between its 
inner edge and Saturn's body. 

Four years before, on March 25, 1655, Huygens had 
made another important discovery: by aid of the 12-feet 
telescope already mentioned, he had detected a satellite 
attending on Saturn. Judging from the brightness of this 
satellite at so vast a distance, he considered that it must greatly 
exceed the largest of Jupiter's satellites in magnitude, and be 
little, if at all, inferior to the planet Mars. It revolves round 
Saturn in rather less than 16 days, at a distance of nearly 
760,000 miles. In 1659, Huygens published a table of its 
mean motions. As this discovery raised the number of secon- 
dary planets to six (including our moon) ; and as but six 
primary planets (including the sun) were known to Huygens, 
he sought for no more satellites — sharing the idea, then 
commonly entertained, that the numbers of the primary and 
secondary members of the solar system must certainly be equal. 

1 Huygens propounded this important discovery in the form of the following 
sentence, anagrammatically transposed, ' annulo cingitur tenui, piano, nusquam 
cohserente, ad eclipticam inclinato.' 
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Otherwise, with the powerful telescopes he subsequently con- 
structed, he could not have failed to detect two (if not all) of 
the four satellites discovered by Cassini. 

Huygens discovered that Saturn's globe, like Jupiter's, is 
marked by belts parallel to the equator, and on one occasion 
he observed as many as five ; but he was unable to detect 
any other signs of Saturn's rotation. 

In 1665, William Ball discovered a black stripe of 
considerable breadth, running quite round the northern 
surface of the ring, and having its outer and inner edges 
concentric with the edges of the ring. Ten years later, 
Dominic Cassini observed a corresponding stripe on the 
southern surface of the ring. He observed also that the part 
of the ring's surface outside this stripe is not so bright as the 
part within. He suggested, in explanation of these pheno- 
mena, that the ring is divided into two concentric rings, the 
inner ring being the brighter. 

Four years before, in October 1 671, Cassini had discovered 
a second satellite, revolving at a mean distance of about 
2,209,000 miles from Saturn, in rather more than 79 days. 
This satellite is not so bright, and is therefore probably 
smaller than the satellite first discovered, but is certainly not 
inferior in magnitude to the largest of Jupiter's moons. 
Cassini soon detected a singular phenomenon in this satellite ; 
through nearly one half of its revolution about Saturn, it 
disappears regularly, even when sought with the same tele- 
scope in which, through the rest of its revolution, it is a 
conspicuous object. He concluded that one half of the 
surface of the satellite must be less capable of reflecting light 
than the other, and that, like our moon, it rotates once on its 
axis in each revolution about its primary. 1 He subsequently 

1 The only satellites whose motions of rotation have been detected exhibit the 
same peculiar relation between rotation and revolution. They are six in number : — 
our moon, the four satellites of Jupiter, and the outer satellite of Saturn. Either 
the surface of the largest of Saturn's satellites is little marked with irregularities, 
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abandoned these views ; but they were confirmed by Newton 
and Herschel, the former showing that no explanation can be 
given of the regular disappearance of the satellite but that 
suggested by Cassini ; the latter by a series of careful 
observations with his powerful reflectors, establishing the 
correctness of Cassini's observations. These, and similar 
observations by M. Bernard at Marseilles in 1787, and by 
later astronomers, seem to leave no doubt on the subject 1 
We have here, then, a secondary planet rotating on its axis 
in z\ months, while (as will presently appear) its primary, 
whose volume is 1 5,000 times as great, rotates on its axis in 
less than io£ hours. 

On December 23, 1672, Cassini discovered a third 
satellite whose orbit lies within those of the other two. He 
effected this discovery by means of a telescope of Campani's, 
35 feet in focal length. This satellite revolves about Saturn 
in rather more than \\ days, at a mean distance of about 
328,000 miles. Judged by its brightness, it is probably much 
smaller than either of the two satellites first discovered. It 
exceeds the outer satellite in brightness, however, when the 
latter is at or near its easterly elongation. 

In March 1684, Cassini discovered two more satellites by 

or these are distributed with tolerable uniformity, since it presents no appreciable 
changes of brilliancy. Of the other six satellites of Saturn, the four satellites 
of Uranus, and Neptune's satellite, nothing is likely to be known till telescopes 
far more powerful than any now in use shall have been constructed. 

1 In the year 1705, it was observed that this satellite was visible through a 
complete revolution, and it was hence concluded that the irregularities upon its 
surface are variable. Far more probably, however, the phenomenon was due to 
the exceptional clearness and steadiness of the earth's atmosphere during the 
interval of two or three weeks occupied by the satellite in traversing the part of 
its orbit in which it usually disappears. Any one who is in the habit of using a 
telescope of even moderate power systematically, must soon become aware that 
there axe occasionally brief intervals during which the power of the telescope seems 
increased, though the eye detects no corresponding change in the appearance of 
celestial objects. Unfortunately, such intervals occur but rarely in our latitudes, 
and seldom last more than two or three days. They generally occur in early 
spring and late autumn ; winter and summer are seldom favourable seasons for 
astronomical observation, notwithstanding the brilliance of some of our winter 
nights, and the softer splendour of the nocturnal skies in summer. 
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means of Campani's object glasses of ioo and 136 feet focal 
length. 1 These satellites revolve within the orbits of the first 
three, their mean distances from Saturn's centre being about 
224,700 and 180,000 miles. Thus both are nearer Saturn's 
surface than our moon to the surface of the earth. They 
occupy about 2} days, and if days, respectively, in completing 
their revolutions about Saturn. They are about equal in bright- 
ness, being each slightly inferior in this respect, and therefore 
probably in magnitude, to the third satellite discovered. 

Cassini found that the orbits of the five satellites hitherto 
discovered correspond with the laws of Kepler (see Table V.). 
He found also that the four inner satellites move in planes 
very nearly coincident with the plane of the rings, while the 
fifth moves in a plane inclined at an angle of about 15 to the 
plane of the ring. The younger Cassini investigated these 
relations more closely, and in 17 17, published a table of the 
distances, mean motions, and inclinations of the orbits of these 
satellites. He determined also, with considerable accuracy, 
the position of the ascending node of the ring's plane on the 
ecliptic, and on Saturn's orbit, and the position of the as- 
cending node of the fifth satellite on the same circles. Halley 
corrected the results obtained by Huygens and the elder 
Cassini ; and later, in 1720, published the elements of the 
orbits of the five satellites, corrected from a series of observa- 

1 Cassini also used object-glasses of 200 and 300 feet focal length, and Auzout 
constructed glasses haying focal lengths of 600 feet. Of course, glasses of such 
enormous focal length were not fixed in tubes. They were attached to frames 
constructed to slide up and down tall uprights. The eye-glasses of such telescopes 
were simply connected with the object-glasses by wires of the proper length. 
Observation with such telescopes must have been wearisome work, and we cannot 
wonder that the invention of reflecting telescopes was gladly hailed as offering a 
relief from the use of such cumbrous and imperfect instruments. The reflector 
presented by Hadley to the Royal Society, in 1723, though it had a focal length 
of only 10 feet 5 $ inches, was fully equal in power to the refractor of 123 feet focal 
length given by Huygens to the same Society. Yet the difficulty of grinding the 
specula accurately, and of preserving them when ground from changes of form 
and loss of reflecting power, must always prevent reflecting telescopes from re- 
placing refractors, now that the construction of achromatic object-glasses has 
attained such perfection. 
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tions made by Pound. Halley also detected an excentricity 
in the orbit of the largest satellite, and roughly determined its 
amount, and the position of the line of apsides. 

Cassini called the four satellites he had discovered ' Sidera 
Lodoicea,' in honour of Louis XIV., under whose patronage 
his labours had been conducted. 1 This name has, however, 
long since been disused. The satellite discovered by 
Huygens has received the name of Titan ; and the four 
discovered by Cassini have been called (in order of their 
distances from Saturn) Tethys, Dione, Rhea, and Japetus, 
but the most convenient method of indicating these and the 
satellites since discovered, is by numbering them in the order 
of their distances from Saturn : thus the satellite discovered 
by Huygens is now known as the sixth satellite, while the 
satellites discovered by Cassini are known as the third 
fourth, fifth, and eighth satellites. By referring to Plate I. 
the reader will be able to form an idea of the relative bright- 
ness of these bodies, and of the probable proportions they 
bear to each other, to the globe of Saturn, and to the other 
bodies represented in that engraving, all of which are on the 
same scale. In fig. I, Plate VII., they are represented at 
their proper relative distances from Saturn ; while in fig. 2, 
the dimensions of their orbits are represented on a smaller 
scale. The elements of the eight satellites are given in Table 
V, Appendix II. 

For nearly a century after the discovery of Tethys and 
Dione no new features of importance were revealed by the 
telescope in the Saturnian system. Several phenomena 
already suspected were verified, however, and others — not 
wanting in interest — detected. Hadley discovered that the 
outer part of the ring is thinner than the inner ; he observed 

1 Cassini was naturalised in France in 1673. His son J can Jacques Cassini, 
and his grandson C6su Francois Cassini, were both born in France. The 
family, however, originally came from Italy. Cassini himself was born at Pen- 
naldo, in Nice. 
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also the shadow of the ring on Saturn, 1 and the shadow of 
Saturn on the ring. He confirmed Huygens' observation of 
belts on Saturn's disc, and found that, like the belts of 
Jupiter, they vary in form and number. Halley, also, 
observed Saturn's belts, and concluded from their changes of 
form as Saturn traverses different parts of his orbit, that 
Saturn rotates on an axis perpendicular (to the sense) to the 
plane of the rings ; in other words, that the plane of Saturn's 
equator coincides (to the sense) to the plane of the rings. In 
October 17 14, a few days before the disappearance of the 
rings, the earth being nearly in their plane, Maraldi observed 
a singular phenomenon : — the narrowing ansae of the ring 
appeared to be unequal in size, the eastern being the larger ; 
yet after an interval of two nights the eastern ansa had dis- 
appeared, while the western was visible, though reduced to a 
faint line of light. From these observations he concluded 
that the rings are not of uniform thickness, and that they 
revolve about Saturn in their own plane. 9 In this conclusion 
may be traced the germ of the important discovery of the 
rotation of the ring afterwards made by HerscheL It may be 
noticed, however, that in arriving at this conclusion Maraldi 
made two assumptions, neither of which (as will presently 
appear) is correct He assumed, first, that the ring is a solid 
formation ; and secondly, that it is a rigid solid. The first 
assumption was justified by the appearance of the ring, and 
was maintained, or rather never disputed, till the discoveries of 
the last few years led to a different view. The second assump- 

1 Cassini, in 1675, observed a dark belt on Saturn's body, parallel to the 
greater aids of the rings. This was probably either the shadow of the .ring on 
Saturn, or the first indication of the existence of the dark inner ring lately dis- 
covered. In 1675, the rings were well opened, but not to their full extent ; at such 
a time the outlines of the belts are elliptical. The outlines of the dark ring and of 
the shadow are, it is true, also elliptical, but they form parts of larger ellipses, 
and appear nearly straight and parallel to the greater axis of the ring. 

* The plane of the ring passed through the sun in February 1715, reappearing. 
After this the plane of the ring passed twice through the earth, disappearing at 
the first passage and reappearing at the second. These passages occurred in the 
summer of 17 15, and within a few weeks of each other. 
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tion, on the other hand, is altogether unreasonable. It was 
not to be expected but that so vast a formation, subject to so 
many disturbing attractions, and whose thickness is obviously 
disproportionate to its other dimensions, should be subject to 
vast undulations ; and these, for anything known to the con- 
trary in Maraldi's day, might sweep round the ring, altogether 
independently of any absolute motion of rotation in the 
system, and would thus sufficiently account for the phenomena 
observed by Maraldi. 

The motions and distances of the satellites, and the 
dimensions of the ring, were determined with considerable 
accuracy, by several astronomers, during the interval above 
mentioned. Some of these measurements will be made use 
of in a future chapter, but most of them have given place to 
the more exact determinations of the present century. 

One or two observations, rather curious than valuable, 
were also made in the interval named. Thus, Whiston 
records that his father had seen a star through one of the 
openings between the planet and the ring. Such an occur- 
rence, though uncommon with the telescopes in use in his 
day, is not infrequent with modern telescopes, especially 
when Saturn is traversing the constellations Taurus and 
Gemini in one part, Scorpio and Sagittarius in the opposite 
part of the Zodiac. No star of the first four or five mag- 
nitudes has ever been seen through these openings. Again, 
Cassini has recorded that in 1692 he saw a fixed star 
occulted by Saturn's largest satellite, an occurrence that must 
be exceedingly rare even with the most powerful telescope , 
and when Saturn is traversing those parts of the Zodiac in 
which stars of all magnitudes are most profusely scattered. 

During the last fifteen years of the eighteenth century, 
many important discoveries were made by the elder Herschel 
in the Saturnian system. When the northern side of the ring 
was visible before the disappearance of the ring in 1789, he 
carefully examined the black line discovered by Ball. He 
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appears during this time to have been strongly opposed to 
the idea that the ring is divided, even where this line is seen ; 
still less was he willing to accept the hypothesis of the 
multiple division of the ring. Four observations in 1780 had 
appeared to indicate the possibility that other divisions besides 
the great one exist in the ring ; and Laplace — his inferior as 
a practical astronomer, but his superior as a mathematician — 
had asserted that such divisions are absolutely necessary to 
the stability of the formation. Herschel maintained, how- 
ever, and with some reason, that observation afforded no 
support to the theories of the French mathematician. Con- 
fident that his 20-feet reflectors were equal if not superior in 
power to the best telescopes of his day, he refused to put 
faith in the records of observations which his own telescopes 
failed to verify ; and the idea of the temporary existence of 
such lines either never occurred to him, or was rejected as 
improbable. 1 His observations of the ' broad black mark/ as 
he at first spoke of the great division, were conducted with 
his usual accuracy and clearsightedness. He found that the 
outer and inner boundaries of this mark are both ellipses, 
concentric with and similar to the boundaries of the rings. 
He argued that the black stripe could not be the shadow of 
hills on the surface of the ring, since such a shadow would 
vary with the position of Saturn in his orbit, and when 
Saturn is in opposition no shadow Would be visible at the 
ends of the longer axis of the elliptical mark, whereas it is 
precisely at these points that the mark is broadest For 
similar reasons he rejected the idea that the line indicates 
the existence of a vast cavernous groove on the northern 
surface of the ring. 

On the reappearance of the ring in the winter months of 
1789-90,* he examined its southern face with his 40-feet 

1 He has, in fact, recorded his opinion that the rings are undoubtedly solid 
formations, • since they cast a strong shadow on the body of the planet.' 

* On October 7, 1789, about midnight, the plane of the ring passed through 
the sun. 
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reflector, and after carefully measuring the stripe on this face, 
he found that it corresponds exactly in form and dimensions 
with the stripe on the northern face. Accordingly, in the 
year 1790, he announced his suspicion that the formation is 
divided into two rings by a vast circular gap of uniform width 
— at the same time recording his opinion that this is the only 
division existing in the system. 

On August 19, 1787, Herschel thought he could detect 
a sixth satellite attending on Saturn. He remained un- 
certain as to the existence of this body until the completion 
of his 40-feet reflector. 1 On August 27, 1789, the first 
evening after the completion of this powerful instrument, he 
directed it towards Saturn. No sooner had he brought the 
planet into the field of view than he plainly saw six stars 
shining round its disc. Five of these were the satellites 
already discovered ; it remained to be seen whether the 
sixth were a satellite or a fixed star. Saturn was then not 
far from opposition, and retrograding at the rate of 4' 30" 
daily; thus the motion of his system was carrying him 
across the celestial sphere, slowly indeed, but with a motion 
readily detected, even in a short time, by a telescope of such 
power as Herschel's. Thus, 2\ hours after the first observa- 
tion, Herschel found all the six stars had accompanied Saturn 
in his slow motion across the celestial sphere — all, therefore, 
were satellites. 

Herschel found that the orbit of the newly-discovered 
satellite is within the orbits of the other five. It is less con- 
spicuous, and, therefore, probably smaller than any of the 
satellites that had hitherto been discovered. It revolves 
about Saturn in rather less than one day and nine hours, at 



1 This splendid telescope, only exceeded in sice by the great Parsonstown 
reflector, had a speculum four feet in diameter. It will serve to give an idea of 
the patience and energy of Herschel to record that, between the years 1775 and 
1 78 1, he cast, ground, and polished 80 specula of 23 feet, 150 of 10 feet, and 
300 of 7 feet focal length. 
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a distance of about 148,000 miles from Saturn's centre, or 
about 112,000 miles from the surface of the planet 

While continuing his observations of the satellite, and 
within three weeks of its discovery, Herschel detected a 
seventh satellite, about as small — or, at least, as little con- 
spicuous — as the other, and following a smaller orbit This 
satellite moves at a distance of rather more than 115,000 
miles from Saturn's centre, or about 79,000 miles from his 
surface. Its mean distance from the outer edge of the ring is 
less than 32,000 miles. It accomplishes a revolution around 
Saturn in about 22^ hours— a period of revolution shorter than 
that of any known satellite in our system. Herschel published 
tables of the motions of the two satellites he had discovered. 
He found that the planes in which they move are either ab- 
solutely coincident with the plane of the ring, or so nearly so 
that no difference can be detected. Owing to this coincidence, 
as well as to their minuteness at so vast a distance from the 
earth, they are not favourably seen, even in the most power- 
ful telescopes, except when the ring is very nearly closed, as 
was the case at the time of their discovery. 

Herschel examined the belts on Saturn's surface with 
great care. He found that their outlines are straight lines 
when the rings are invisible, and change into ellipses of less 
and less eccentricity as the rings open more and more ; that, 
in fact, these outlines are always similar to the outlines of the 
rings. From this observation it follows, assuming that the 
belts are due to the rotation of the planet on an axis, that the 
axis of rotation is perpendicular to the plane of the ring ; 
or, in other words, that the plane of the planet's equator 
coincides with the plane of the ring, as had been already 
suggested by Halley. Herschel established beyond doubt 
the connection between the belts and the rotation of the 
planet, by the discovery of certain spots on Saturn's surface. 
Carefully observing the motions of these spots for some time, 
he found that Saturn rotates upon his axis in 10 hours, 29 
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minutes, i6'8 seconds. 1 This rotation, like that of the earth, 
is from west to east ; so that to the Saturnians the sun 
appears to travel across the sky from east to west, as with us. 
Instead of 365 days, however, the Saturnian year contains no 
less than 24,618 Saturnian days. 

The investigations of Laplace into the stability of a solid 
fiat ring (such as Saturn's was supposed to be) about a central 
attracting body, had led that distinguished mathematician to 
the conclusion that Saturn's rings must rotate about the 
planet in their own plane. In July 1789, when the edge of 
the ring was turned directly towards the earth, 9 Herschel ob- 
served that it continued visible as a broken line of light when 
viewed through one of his 20-feet reflectors, and that certain 
spots of light were carried along this line as if by the rotation 
of the ring in its own plane. Continuing his observations, he 
found that the spots of light travelled nearly to the ends of 
the ansae, so that he concluded they belonged to the outer 
ring. He found that they occupied 5 hours, 16 minutes, 7*5 
seconds in travelling from end to end of the fine line presented 
by the ring, and he therefore announced that the outer ring 
rotates in its own plane in 10 hours, 32 minutes, 15 seconds. 8 

Herschel's measurements of the diameters of the planet 
and rings are somewhat in excess of the measurements now 
generally adopted as the most trustworthy. He considered 
that the breadth of the system of rings was about one-fourth 
greater than the breadth of the space between the inner edge 

1 Herschel first gave for this period 10 hours, 16 minutes, 0*44 seconds. 

9 The ring at this time was reappearing ; the earth, which for a few weeks 
before had been on the illuminated side of the ring, passing to the uniUuminated 
side. 

• Doubt has been thrown on this conclusion, since Schroder, at the next dis- 
appearance of the ring in 1803-3, and Bond in 1848, observed that spots and 
irregularities along the thin line of light maintain their positions absolutely un- 
changed for hours. The positive evidence of the ring's rotation afforded by 
Herschel *s observation, is not affected, however, by the observations of Schroeter 
and Bond. The spots seen by these astronomers have been satisfactorily explained 
by the latter as belonging to the general configuration of the rings, not to irregu- 
larities of form at particular parts of the rings' surface. 
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of the inner ring and the planet's equator. It will be re- 
membered that Huygens considered those breadths equal. 
Pound, with the same telescope as Huygens, and using an 
excellent micrometer, considered that the breadth of the 
ring-system was even somewhat less than the breadth of the 
space between the planet and the rings. So remarkable a 
discrepancy can hardly be ascribed to errors of observation,, 
and it will presently be seen that the change which would 
thus appear to have taken place in the shape of the rings 
between the years 1659 and 1790, was part of a progressive 
increase of the breadth of the system, that has continued to 
our own time. 

Herschel at first considered the form of the planet to be 
spheroidal, and the polar axis shorter than an equatorial 
diameter in about the proportion of 10 to 11. He subse- 
quently changed his opinion as to the form of the planet, 
concluding, from observations taken in April 1805, that the 
outline of the planet's disc is not a regular curve. He com- 
pared its form to that of a parallelogram with rounded corners, 
whose longest diagonal is inclined at an angle of 43 20' to 
the equatorial diameter, while its shortest diagonal is the 
polar axis of the planet 

What view shall we form respecting an observation of so 
remarkable a character ? Was the peculiarity due to tele- 
scopic distortion ? Herschel observed it with several instru- 
ments, some seven, some ten, one twenty, and one forty feet 
in length. Was the phenomenon due to atmospheric disturb- 
ances ? Such disturbances could not account for a persistent 
impression, however well they might explain the momentary 
assumption of the square-shouldered aspect by the ringed 
planet Besides, Jupiter presented no such appearance Was 
the appearance an optical illusion due to the position of the 
ring — then slightly open ? If so, the planet should always 
exhibit the square-shouldered aspect when his rings are open 
to that particular extent ; and this is not the case. Besides, 
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we ought to notice a similar illusion, when looking at a picture 
representing that particular phase of Saturn. Must we then 
accept the astounding conclusion that the giant bulk of 
Saturn is subject to throes of so tremendous a nature as to 
upheave whole zones of his surface five or six hundred miles 
above their ordinary level ? Truly the conclusion is one to 
be avoided, if we can by any possibility find a less startling 
explanation of the matter. 

Yet where are we to look for such an explanation ? Was 
Sir William Herschel simply deceived ? I have already con- 
sidered the general question of illusion, but the reader might 
entertain the explanation as conceivable that Herschel might 
for a while have lost the acumen which distinguished him — 
that illness, for example, might have rendered his observa- 
tions inexact But we have abundant evidence that the great 
astronomer was in the full possession of all his wonderful 
powers as an observer during the month of April 1805 ; we 
know further that by careful measurements he rigidly excluded 
all possibility of illusion affecting his judgment 

It would be more satisfactory, doubtless, to the reader, 
however, to learn that other observers had noticed similar 
peculiarities, or peculiarities which, if not similar, were at least 
such as to prepare us to regard the globe of Saturn as liable 
to remarkable changes of figure. Fortunately, many such 
observations have been recorded. I take the following from 
one of an admirable series of papers on Saturn by Mr. Webb, 
in the ' Intellectual Observer* for 1866. 

On August 5, 1803, Schroeter found Saturn not perfectly 
spheroidal in figure Kitchener says that for a few months in 
the autumn of 1818 he saw Saturn of the figure described by 
Sir William Herschel, and that with two different achromatics. 
At this time the ring must have appeared too narrow to 
account for the appearance as due to illusion. On one 
occasion the Astronomer Royal had a similar view of Saturn. 
He remarks, also, that a person unacquainted with Herschel's 
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observation remarked spontaneously on the flattened equator 
of the planet On another occasion, Mr. Airy noticed the 
exact reverse, the planet seeming flattened instead of up- 
heaved, in latitude 45°. In January 1855, Coolidge, using 
the splendid refractor of the Cambridge, U.S., observatory, 
noticed that the greatest diameter of the globe seemed in* 
clined about 20 to the equatorial diameter ; but on the 9th 
the equatorial diameter seemed the greatest ; while on 
December 6 he says, ' I cannot persuade myself that it is an 
optical illusion which makes the maximum diameter of the 
ball intersect the limb half-way between the northern edge of 
the equatorial belt and the inner ellipse of the inner bright 
ring.' All this time the rings were nearly at their greatest 
opening, so that any illusion should have been of an opposite 
character to that observed when the rings were nearly closed. 
In the report of the Greenwich Observatory for 1860-61, it is 
stated that * Saturn has sometimes appeared to exhibit the 
square-shouldered aspect 1 The eminent observers Bond, 
father and son, have noticed similar peculiarities, using the 
great Merz refractor already referred to. Each of them 
noticed a flattening of the north-polar regions of the planet in 
the summer of 1848, when the ring was turned edgewise 
towards us. On the other hand, the same observers noticed 
that in 1855-57, when the ring was most widely opened, the 
polar regions did not always seem projected farthest on the 
outer ring in a symmetrical manner, but four times on the left 
of the pole, once on the right, and once only, exactly opposite 
the pole. 'The outline of this region, also, occasionally 
appeared irregularly flattened and distorted/ an appearance 
not satisfactorily explained by the juxtaposition of the dark 
shadow of the planet on the ring. 

Now there can be no doubt whatever that the planet 
Saturn is not ordinarily distorted. In 1832, during the dis- 
appearance of the ring, Bessel carefully determined the figure 
of the planet's disc, and Main in 1 848 (when the ring was 
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again turned edgewise towards us) made similar measure- 
ments. Each of these trustworthy authorities came to the 
conclusion that the disc of Saturn did not, at the seasons 
when they respectively measured it, exhibit any distortion of 
figure such as Herschel had described. 

We seem almost compelled, therefore, to accept the con- 
clusion that the planet Saturn is subject to the influence of 
forces which either upheave portions of its surface from time 
to time, or cause vast masses of cloud to rise to an enormous 
height above the mean layer of Saturn's cloud-envelope. 

From a series of observations made in the years 1789- 1790, 
during which the earth passed three times through the plane 
of the ring, Herschel arrived at the conclusion that the ring 
must be very thin. When the edge was turned directly 
towards the earth, the ring continued visible in his 20-feet 
reflectors as a fine line of light ; and in his great reflector 
the ring was visible even when the earth and sun were on 
opposite sides of the ring's plane, — that is, when the unillumi- 
nated side of the ring was turned towards the earth. Along 
the fine line of light visible in the former case, the satellites 
appeared to move * like golden beads upon a wire/ as Herschel 
has described the phenomenon. He did not, however, con- 
clude from this circumstance alone that the ring's thickness is 
necessarily less than the diameter of the least of the satellites ; 
for he considered that the disc of the satellite might be ren- 
dered visible on both sides of the ring by refraction through 
an atmosphere which he supposed might envelop the ring. 1 

1 The supposition has not been confirmed by observation, however. To pro- 
duce the effects described, the atmosphere of the ring must cling round the edges 
of the ring, since the mere presence of an atmosphere on the flat surfaces of the 
rings could have no other effect than to dim the lustre of the satellites. Now, it 
is plain that as the satellites reached (apparently) the ends of the line presented 
by the ring, their motion would appear to be considerably modified by refraction 
round the rings edge : they would, in fact, appear to cling to the extreme end of 
the line for an appreciable interval : this is not the case, however ; their apparent 
motions along and beyond the line being exactly those due to their motions in 
their orbits. 

F 2 
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He was doubtful whether the fact that the ring is visible when 
its dark side is turned towards the earth is due to the partial 
illumination of that side of the ring by light reflected from 
Saturn and from his satellites, or whether he only saw the 
illuminated edge of the ring. He judged that the edge of the 
ring is not perpendicular to the faces of the ring (so as to 
be part of a cylinder of very short axis), but that it is rounded 
(so as to form part of the surface of an oblate spheroid, whose 
axis is very short compared with its other dimensions) : or, as 
he expressed it, ' that the edge of the ring is not flat but 
spheroidical.' 

Herschel found that when the satellites are occulted by 
Saturn, they appear both at ingress and egress to cling to his 
disc for a longer time than would be due to the dimensions 
of their own discs. This phenomenon can only be ascribed to 
the presence of an atmosphere of considerable extent and 
density surrounding Saturn. The existence of such an atmo* 
sphere, supporting vast masses of aqueous or other vapours, 
is indicated by the belts that cover varying zones of Saturn's 
surface. In November 1793, Herschel obtained a favourable 
view of the Saturnian belts with his 40-feet reflector. He 
observed a broad and brilliant white belt of nearly uniform 
width, covering the equatorial regions ; next to it he observed 
a broad dark belt of a yellowish colour, 1 divided into three 
unequal bands by two narrow and somewhat irregular white 
streaks less brilliant than the equatorial belt. At first sight 
the natural assumption would seem to be that the dark belts 
are bands of clouds upon the surface of the planet It must 
be remembered, however, that the clouds of our own skies 
appear dark to us only because they intercept part of the 
solar light. When they are so placed as to reflect the sun's 
light to the observer they appear brilliantly white. Now it is 
precisely such reflected light — the ' silver lining ' of the pro- 

1 The best modem telescopes, under favourable circumstances, exhibit the dark 
belts as of a faint greenish colour. 
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verb — that an observer on earth receives from cloud-belts 
encircling a planet. On the other hand, the surface of the 
planet's body, diversified probably, like that of the earth, with 
continents and oceans, would exhibit in different districts 
varying shades of light and colour, and these — blended by the 
effects of distance and of the atmospheric envelope through 
which we see them— would combine to present precisely such 
dusky regions, faintly tinged with the prevailing colours of the 
planet's surface, as are visible in the belts of Saturn. The 
equatorial bright belt, which Herschel found .to be permanent, 
may be ascribed to the presence of a permanent zone of clouds 
covering this part of Saturn's surface. On our earth we have 
a corresponding equatorial zone of calms, in which the sky is 
never free from clouds and vapours, and in which rain is 
almost constantly falling. 

The series of discoveries effected by the elder Herschel 
cannot be better closed than by his own account of the features 
of the Saturnian system : — ' There is not perhaps,' he says, 
' another object in the heavens that presents us with such a 
variety of extraordinary phenomena as the planet Saturn : a 
magnificent globe encompassed by a stupendous double ring ; 
attended by seven satellites ; ornamented with equatorial 
belts ; compressed at the poles ; turning on its axis ; mutually 
eclipsing its rings and satellites and eclipsed by them ; the 
most distant of the rings also turning on its axis, and the 
same taking place with the farthest of the satellites ; l all the 
tparts of the system of Saturn occasionally reflecting light to 

1 The care with which Herschel here confines himself to what is proved and 
established is in singular contrast with the magnificent audacity of his conceptions 
when he advanced, with no guide but his own genius, into unfamiliar and awe- 
inspiring regions of speculation. It is this combination of boldness and accuracy, 
enthusiasm and caution, which constitutes Herschel'* claim to be classed in the 
very first rank among astronomers. The patient care with which he examined 
Saturn's ring for ten years before he would accept the theory of its division, and 
watched a satellite for two years before he would pronounce an opinion on its 
rotation, was as important a part of his character as the brilliant imagination that 
enabled him (as is well expressed on his monument at Upton) to * break through 
the enclosures of Heaven '— • ccdorum ptrrumptre elaustra.' 
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each other — the rings and moons illuminating the nights of the 
Saturnian, the globe and moons enlightening the dark parts 
of the rings, and the planet and rings throwing back the sun's 
beams upon the moons when they are deprived of them at the 
time of their conjunctions/ 

During the present century many observers of the highest 
reputation for skill and accuracy have detected divisions in 
the rings concentric with the great one. One such division, 
separating the outer ring into two rings nearly equal in 
breadth (see figs. 2 and 3, Plate I.), appears to be permanent, 
though it is only visible through its entire circumference when 
the ring is open to its full extent. Even then it can only be 
seen with telescopes of the first class for power and definition, 
and under the most favourable atmospheric conditions. The 
late General Mitchel, the American astronomer, has asserted 
that c with the full power of the Cincinnati refractor, 1 defining 
in the most beautiful manner all the other delicate character- 
istics of Saturn and his rings/ he has never been able to 
perceive this division in the outer ring, or a trace of ' any 
other than the principal division.' In the spring of 1856, 
however, when the ring was open to its full extent, the divi- 
sion in the outer ring was seen by many observers ; and it is 
therefore probable, though not absolutely certain, that it is a 
permanent division in the rings. The other traces of division 
that have been seen from time to time, have only been 
traceable through short arcs, and have not long continued 
visible. Those seen by different observers, or by the same 
observer at different times, have occupied different positions, 
and have belonged to different circles. If each division thus 
detected were considered as a satisfactory indication of a 
permanent division through a complete circumference, it 
would follow that the system consists, not of two or three, 

1 This refractor, made by Messrs. Merz and Mahler of Munich, has an aper- 
ture of twelve inches, its focal length being 17J feet. Under favourable atmospheric 
conditions it will bear a magnifying power of 1,200. 
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but rather of thirty or forty separate concentric rings. Strange 
as such a conclusion might appear, and manifold as are the 
conditions of instability the complexity of such a system 
would introduce, we should have no resource (on the assump- 
tion of the solidity of the rings) but either to accept this 
solution of the question, or else to reject the testimony of 
most accurate and skilful observers — of such men as Encke, 
the Struves, Captains Kater and Jacob, Mr. Dawes, and the 
astronomers of the Collegio Romano. The telescopes, also, 
through which these divisions have been repeatedly seen, 
have been among the most celebrated instruments of modern 
times. These appearances are examined and explained in 
Chapter V. 

On September 19, 1848, an eighth satellite was dis- 
covered by Bond, at Cambridge, America, with the Harvard 
refractor, 1 and by Lassell at Liverpool, with his great reflector. 
The orbit of this satellite lies between the orbits of Titan and 
of the outer satellite, so that it is the seventh in order of 
distance from the planet It completes a revolution in rather 
more than 21 days — at a distance of about 919,000 miles 
from Saturn's centre. 2 Judged by its brilliancy, it is probably 
the smallest of the system of satellites attending on Saturn, 
and presents in this respect a striking contrast to the two 
satellites between whose orbits it revolves. It has received 
the name of Hyperion. 

Two years later a most remarkable discovery was made. 
A third ring, inside the two others, and of a singular appearance, 
was discovered on November 15, 1850, by Bond, and a few 

1 This celebrated instrument has an aperture of 145 inches, and a focal length 
of 21 feet. It will bear a magnifying power of 2,000. The telescopes of Pulkova 
and Greenwich are of the same dimensions, and manufactured by the same 
opticians, Messrs. Merz and Mahler of Munich. 

* A law similar to that known as * Bode's Law of the Planetary Distances/ 
may be traced in the distances of Saturn's satellites from their primary. Thus, if 
to each of the series of numbers, o, 1, 2, 4, 8, 16, 32, 64, we add 4, the resulting 
series corresponds in a remarkable manner with a series representing in order the 
distances of the eight satellites of Saturn from their primary (calling the distance 
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days later (but independently) by Dawes in England. This 
ring is not bright like the others, but exhibits a dusky, almost 
purple tinge ; and through it, the undistorted outline of the 
planet's disc can be distinctly traced. The inner edge of 
this dark ring is concentric with the edges of the other rings, 
its outer edge appearing in general to coincide with the inner 
edge of the neighbouring bright ring. Mr. Dawes has re- 
marked, however, that this is not always the case, — that the 
dark ring at times appears to be separated from the bright 
ring by a distinctly marked interval. This accurate observer 
considers, also, that the dark ring is occasionally divided into 
two or more concentric rings. 

Perhaps the most remarkable circumstance connected with 
this mysterious formation is the fact that it was not discovered 
sooner. Had it existed in its present state in the time of 
the elder Herschel, it would have presented a marked appear- 
ance in his great reflector. For although the telescope with 
which Bond discovered the dark ring probably exceeds 
Herschel's reflector in power (though inferior in size), yet in 
this telescope it was so distinctly and easily visible, that its 
detection obviously taxed but lightly the powers of the in- 
strument. 1 The reflecting telescope of Lassell is probably 
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In the three outer satellites there is some irregularity, corresponding with the 
breach of Bode's law in the case of Neptune. 

1 It is worthy of notice that Bond discovered this ring on a night, in other 
respects favourable for astronomical observation, but so hazy that only the brightest 
-stars were visible to the naked eye. 
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little, if at all inferior in defining power to Herschers great 
reflector ; and Mr. Dawes* extraordinary vision supplements 
the powers of his telescope ; but the same remark applies :— 
the dark ring is easily visible with both instruments. Further, 
soon after its discovery, this ring was found to be visible with 
telescopes far inferior in power to many that had been re- 
peatedly directed towards it without discovering it ; and, as 
the rings opened more and more, the dark ring became so 
conspicuous that it was visible, Professor Nichol asserts, in a 
good achromatic of four incites aperture. That the dark ring 
existed in Herschel's time is obvious from drawings of his, 
in which a belt is marked on the planet so exactly concentric 
with the edges of the bright rings, that it can be no other 
than this formation, mistaken by the astronomer for a belt on 
the body of the planet. That it was far less conspicuous in 
his day than at present is obvious from the fact that he so 
mistook its nature, though using so powerful an instrument as 
his great reflector. 

Another remarkable circumstance connected with this 
ring is its increase in width since the time of its discovery. 
The measurements of the best observers of the day seem to 
leave no doubt of such an increase, the causes of which will 
presently be examined. 

In the spring of 1856, when the ring was open to its 
greatest extent, Mr. Bond observed a singular darkening of 
those parts of the inner bright ring which lie nearest to the 
extremities of the apparent longer axis of the dark ring. 
These dark spaces, as represented by Mr. Bond, are bounded 
by well defined outlines, forming parts of an ellipse concentric 
with the other elliptical outlines of the rings, but of greater 
eccentricity. While the semi-major axis of this ellipse ex- 
ceeds the semi-major axis of the outer boundary of the dark 
ring by about one-third of the breadth of the inner bright 
ring, its minor axis is not greater than that of the inner 
boundary of the dark ring. Thus the outlines of these dark 
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spaces meet the outer boundary of the dark ring in acute 
angles, at four different points. In pictures of the planet and 
rings taken at about the same time by other observers, 
corresponding dark spaces are exhibited, but the darkening 
is not bounded by a defined outline. 1 A similar darkening 
of the outer bright ring, near the extremities of the major 
axis of the great division, also appears in several pictures of 
the planet taken at this time. These dusky regions have 
been termed ' the shadows on the ring/ a term not very well 
chosen, as will presently appear. Figs. 2 and 3, Plate I., 
exhibit the general appearance of these dark spaces : a their 
nature is discussed in Chapter V. 

In the years 1855, 1856, and 1857, Messrs. Bond and 
Dawes were occasionally able to trace dusky, ash-coloured, 
and mottled stripes, concentric with the outlines of the rings. 
These were not always visible, however ; they reappeared 
along different circles on the ring's surface ; and, in fact, were 
as variable and mysterious as the dark traces of division. 

A singular discovery was made by Mr. Wray during the 
disappearance of the ring in the winter mdhths of 1861-62. 
Observing Saturn on December 17, 1861 (when the dark 
side of the ring was turned towards the earth), with an 
achromatic of only seven inches' clear aperture (with which 
he expected to be able to detect no trace whatever of the 
ring), Mr. Wray was surprised to find the illuminated edge of 
the ring distinctly visible, ' not only where it crossed the dark 
shade on the body, 3 but also extending on each side of the 

1 The same phenomenon is indicated in Plate I. of the first edition (1833) of 
Sir John Herschel's * Outlines of Astronomy.* 

* Mitchel, with a less powerful instrument than Bond used, saw these spaces 
less satisfactorily. He writes, ' I have sometimes been confident that the breadth 
of the dusky ring at the extremities of its longer axis was much greater than that 
which would be due to an elliptical figure concentric with the bright rings.' 

* It seems clear, however, that what Mr. Wray has described as ' the edge of 
the ring crossing the dark shade on the body,' was a strip of the planet's surface. 
For, at the time of this observation, the earth was on the northern or dark side of 
the ring, and therefore, in an inverting telescope, the bright edge of the ring must 
have been the upper boundary of the dark surface ; and the sun being on the 
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planet's margin.' Continuing his observations, he was led 
(Dec. 23) to suspect that the edge of the ring was 'thicker 
and somewhat nebulous about the region on either side, 
where it joins the planet's limb.' Finally, on December 26, 
he completed the discovery of certainly the most singular 
phenomenon detected in the appearance of the rings, since 
the discovery of the dark ring. The atmosphere being fine, 
and ( the image of Saturn exquisitely steady and well defined/ 
he observed ' a prolongation of very faint light stretched on 
either side from the dark shade on the ball, overlapping the 
fine line of light formed by the edge of the ring, to the extent 
of about one-third of its length, and so as to give the impres- 
sion that it was the dusky ring, very much thicker than the 
bright rings, and seen edgewise, projected on the sky.' He 
saw this faint overlapping light on four other occasions, in 
January 1862. M. Otto Struve, using the magnificent re- 
fractor of Pulkowa, rediscovered these singular appendages 
when the plane of the ring was passing through the sun, in 
May 1862. M. Struve observed that 5£ hours before the 
computed time of this passage (which took place May 18, 
at 8h. 30m. A.M.), one ansa of the ring was plainly visible ; 
and on May 19 he was able to trace the luminous appendages 
along the ansae. He had seen them less distinctly on May 
15, when they appeared only on the southern (or, in an in 
verted telescope, the upper] side of the ansae. He describes 

southern side of the ring, the shadow of the ring was north of the ring, or, in an 
inverting telescope, below the ring. Both the dark stripes being below the bright 
edge of the ring, of course this edge could not be seen between them. But the 
sun being much more elevated above the plane of the ring on one side of it than the 
earth on the other, it is clear that a strip of the planet's surface must have been 
visible between the two dark stripes, and it is this strip (I imagine) which Mr. 
Wray mistook for the rim of the ring. Mr. Wray's sketches do not, it is true, 
accord very well with this explanation ; but it is possible that, in drawing these 
figures (which he expressly describes as rough), he was more careful in giving 
the details of the appearances which the sketches were meant to illustrate, than 
the outlines of the thin lines of light visible across the disc, and on either side 
of it 

In Chapter IV. the reader will find a complete account of the disappearances 
and reappearances of the rings in the years 1 861-1862. 
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them as resembling ' clouds of a less intense light lying on 
the ansae.' On May 19, they appeared to him to 'differ 
much in colour from the ordinary colour of the ring ; ' to be, 
* not yellow, but more of a livid colour, brown, and blue.' 
Later, he saw them still more favourably ; they appeared 
unequal in length along the two ansae ; extending on one 
side to a distance equal to about two-fifths of the planet's 
•diameter, on the other half as far again ; the breadth ' of 
these appendages increased in the neighbourhood of the 
planet, giving them the form of sharp wedges.' * 

Mr. Carpenter, using the Greenwich equatorial, observed 
Saturn on the same days as M. Otto Struve, without detecting 
these appearances. It may therefore be concluded that they 
are so little conspicuous, that a slight difference in atmo- 
spheric conditions affects their visibility. The earth was on 
the southern side of the rings throughout the observations of 
M. Struve, and raised more than five times as high above the 
plane of the rings as it had been during the observations of 
Mr. Wray ; it was also nearer to the rings, On the other 
Jiand, the sun, which throughout the observations of M. 
Struve was nearly in the plane of the rings, was raised from 
' i° 50' to 2° 16' above that plane during Mr. Wray's observa- 
tions. The discrepancies between the two accounts are not 
greater than we might expect from this difference in the 
-circumstances under which Saturn was observed. The 
probable nature of these appendages will be considered in 
Chapter V. 

On March 26, 1863, Mr. Carpenter made an observation 
of some interest. When Saturn was passing across the field 
of view of the transit-circle of the Greenwich Observatory, 
it appeared to him ' that the dark space between the ring and 
the ball was much contracted.' Upon looking at Saturn with 

1 The observations of Wray and Struve are recorded in the ' Reports of 
the Astronomical Society,' for January 1863, from which the above extracts are 
taken. 
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the equatorial he ' found that this arose from a great increase 
in the brightness of the dusky ring, which appeared nearly 
as bright as the illuminated ring, and might easily have been 
mistaken for a part of it' At the time of this observation, 
however, the earth was raised about 4 23', the sun less raised 
above the plane of the ring ; thus it is clear from the laws of 
refraction and reflection of light at the surfaces of transparent 
media, that the dark ring, whether we consider it to be a 



semi-transparent solid or fluid, would not, at the time of this 
observation, differ greatly in brightness from the outer rings. 
The results of Chapter V., however, will be found to afford a 
more probable explanation, both of the nature of this ring, 
and of the cause of its brightness when viewed at small 
angles. 

The planet's shadow is often singularly distorted. The 
accompanying figure shows the shadow as seen by Trouvelot, 
an excellent American observer, with the magnificent 26-inch 
telescope of the Washington Observatory. The effect may 
be partly due to optical illusion, and especially we [may 
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attribute to irradiation the narrowing of the shadow opposite 
the outer part of the inner bright ring. But the phenomena 
cannot all be thus explained. 

Among telescopic discoveries may be classed the measures 
that have been taken of the planet's polar and equatorial 
diameters, of the diameters of the various rings, and of the 
orbits of the eight satellites. The absolute measures, and 
even the proportions between the several dimensions obtained 
by different observers, vary considerably. The following are 
the dimensions of the rings as given respectively by Hind l 
and Struve : — 



Exterior diameter of outer ring • 
Interior diameter of outer ring 
Exterior diameter of inner ring . 
Interior diameter of inner ring 
Breadth of outer ring . 
Breadth of inner ring . . . 
Breadth of division between the rings 
Breadth of the system of bright rings 
Space between planet and rings . 
Equatorial diameter of planet • 

Struve's measures were probably taken at a later period 
than those adopted by Hind (? Bessel's). 

The most remarkable feature, at first sight, in the com- 
parison of the two tables, is the excess of every measure but 
one, in Struve's table, over the corresponding measure in 
Hind's. This excess will not appear so remarkable, however, 
when it is considered that, at the immense distance to which 
Saturn is removed from us, a space of about 4,240 miles 
corresponds to an angle of one second of arc. 2 The single 
measure of Hind's table which exceeds the corresponding 
measure of Struve's, marks a more significant discrepancy. 

1 Superintendent of the 'Nautical Almanac.' 

* That is, about -R^th part of the angle subtended by the moon's apparent 
diameter (mean). Even in the most powerful telescopes an arc of 1" of a great 
circle of the celestial sphere appears a very small space ; so that a double star 
whose components are ±th or £rd of a second apart, severely tests their defining 
powers. 
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Thus the breadth of the system, which is given by Hind as 
only 27,500 miles, Struve estimates at 29,539 miles ; yet the 
space between the planet and the inner edge of the inner 
bright ring is given as 19,250 miles by Hind, or 160 miles 
greater than the corresponding measure of Struve. In other 
words, while Hind gives the ratio between the breadth of the 
system of rings and the breadth of the space between the 
rings and planets as 10 : 7 exactly, Struve determines the 
same ratio as somewhat less than 10 : 6£. Such a discrepancy 
is not likely to be accidental ; and it becomes still more sig- 
nificant when we compare the ratios just given with the 
corresponding ratios obtained by Huygens in the seventeenth, 
and by Herschel near the end of the eighteenth century. As 
already mentioned, these were respectively 10 : 10 and 10 : 8. 
Thus it would appear that from the first discovery of the rings 
to the present time, the ratio of the breadth of the rings to 
the space between the rings and planet has been continually 
increasing. As it does not appear that any perceptible 
change has taken place in the exterior diameter of the outer 
ring, it would follow that the rings have been continually 
spreading inwards. The absolute increase in the breadth of 
the rings, and the probable cause of this singular phenomenon, 
will be discussed in Chapter V. 

At the time of the first discovery of the dark ring, its 
breadth was variously estimated — the lowest estimate being 
6,000 miles, the highest not exceeding 8,000 miles ; later, 
this ring appears to have grown broader, and the latest 
estimates of its breadth vary from 8,000 to 10,000 miles. 

The compression of Saturn's globe has not been satis- 
factorily determined. It is usually given as ^th; that is, 
the polar diameter is considered to be less than an equatorial 
diameter by about -^th of such diameter. Herschel, on the 
other hand, considered the compression less than -j^th ; 
Hind gives it as about y^th ; and in the « Nautical Almanac ' 
it is assumed to be the same as the compression of Jupiter's 



80 SATURN AND ITS SYSTEM. 

globe, or about -j^th. It is obvious that if the compression 
of Saturn's globe were accurately known, as well as the pro- 
portions of his equatorial diameter to the internal and external 
diameters of his rings, then the exact appearance of the system 
at any moment could be readily determined. We should only 
have to calculate (from the known orbits of Saturn and the 
earth about the sun) the elevations of the sun and the earth 
above the plane of the ring : these being known, the figure of 
the rings, the position of their shadow on the planet, and the 
position of the planet's shadow on the rings, are simply 
matters of calculation. Now it happens that if either of the 
tables given above be applied to such a calculation, the 
moment chosen being that at which the earth attains its 
greatest elevation above the plane of the ring (as in March 
1856), the calculated appearance of the system does not 
correspond with pictures taken at that time with the most 
powerful telescopes, unless we suppose Saturn's globe to be 
much more compressed .than the best observers have con- 
sidered it. For in these pictures the dark division on the 
ring is visible above the edge of the planet's disc (in a picture 
taken by Bond with the Harvard refractor nearly the whole 
breadth of the division 'is thus visible), and it can readily be 
shown that, for the outer boundary only of this division to 
appear just touching the disc at its highest point, the com- 
pression of Saturn's globe should be nearly £th if Hind's 
measures are correct, and nearly -*-th if Struve's measures are 
correct It is impossible to suppose so many observers 
deceived in a matter of such simplicity as the visibility or 
non-visibility of the great division above the disc of the 
planet ; on the other hand, it is equally improbable that the 
compression of Saturn's globe should be so great as |th or 
£th. It seems more likely that some of the measures given 
above are erroneous. The measures in Table III. and IV. 
(Appendix II.) have been adopted as the best average 
dimensions of the rings and planet Assuming these 
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measures to be correct, and that the compression of Saturn's 
globe is about -^th, the system of rings, when open to their 
greatest extent, would present the appearance shown in fig. 3, 
Plate I. ; and this appearance corresponds very well with 
pictures taken by the best observers. 1 

The thickness of the ring is a quantity too small to be 
made the subject of measurement, at the immense distance 
to which Saturn is removed. When the edge of the ring is 
turned to the observer, the ring appears, in the most powerful 
telescopes, as an inconceivably delicate line of light. Beside 
it, the filaments of a spider's web across the field of view of 
the telescope look like cables. Sir William Herschel con- 
sidered that the thickness of the rings certainly does not 
exceed 250 miles, but of their actual thickness even his great 
reflector gave no indication. Sir John Herschel considers 
that the rings are certainly not more than 100 miles thick. 
Bessel, of Konigsberg, calculated the mass of the rings, from 
their effect in disturbing the motion of Titan's line of apsides. 
He found that their mass must be about jj^th part of the 
mass of the planet. As we have no means of determining 
the ratio which the mean density of the ring bears to the 
density of Saturn's globe, Bessel's calculation does not 
enable us to determine certainly the thickness of the system. 
If we suppose the mean density of the rings to be about 
equal to the mean density of Saturn's globe, then it follows, 
from Bessel's determination of the mass of the rings, that 
their thickness does not greatly exceed 100 miles — about 
y^jth part of the breadth of the system. An idea of the 
proportions of the system may be readily obtained by 
cutting a ring of stout writing paper, whose exterior diameter 

1 The measures of the planet's equatorial diameter, of the exterior diameter 
of the outer ring, and of the inner diameter of the inner ring, adopted in the 
1 Nautical Almanac,' are respectively 75,000 miles, 173,430 miles, and 115,330 
miles. The two first dimensions correspond closely with those I have adopted ; 
the last belongs, as we have seen, to a variable quantity. The compression of 
Saturn's globe is, however, certainly greater than ^th, the amount adopted in the 
* Nautical Almanac* 

G 
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shall be two inches, and its breadth half an inch. If such a 
ring be shaded on both surfaces across a breadth of nearly 
£th of an inch from its inner edge, and a dark circle about 
3\jth of an inch in breadth be described on both sides of the 
paper at rather more than £th of an inch from the outer edge, 
a tolerably exact conception may be formed of the dimensions 
of Saturn's ring-system. 1 

The distances at which the satellites of Saturn revolve have 
already been mentioned. I shall close the series of telescopic 
discoveries in the Saturnian system by showing how Saturn's 
mass and density may be determined from the observed dis- 
tance of one of his satellites— selecting for this purpose 
the satellite Titan, the first discovered, and largest of the 
system. 

We have the following data for the solution of our pro- 
blem : — The moon revolves round the earth in 27*32 166 days, 
at a distance of 238,767 miles ; Titan revolves round Saturn 
in 15*94543 days, at a distance of 759,990 miles. We may, 
for our present purpose, consider both orbits as circles de- 
scribed with uniform velocity. 

First, let us consider what proportion Saturn's mass 
should bear* to that of the earth, that a satellite at Titan's 
distance should move with the same velocity as the moon. 
This imaginary Titan would, of course, be longer than the 
moon in completing a revolution, in the proportion that the 
radius of its orbit bears to the radius of the moon's orbit. 
Hence it follows that the attractive force by which our pseudo- 
Titan would be retained in its orbit is less than the earth's 
attractive force on the moon, in the proportion of the moon's 
distance from the earth to Titan's distance from Saturn. For 
the direction of the moon's motion is altered through four 

1 The dimensions of the rings in Plate XI. correspond to a thickness far less 
than that of the paper on which they are engraved, even if we suppose the 
thickness of the rings to be 250 miles. On the scale of Plate I. the thickness of 
the rings would probably be represented pretty exactly by the thickness of the 
paper. 
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right angles while she completes one revolution, and so of 
Titan ; and the former period is less than the latter, and 
therefore (since the velocities are equal) the deflecting force 
in the former case greater than in the latter, in the above- 
named proportion. Now, if Saturn's mass were equal to that 
of the earth, his attractive force at Titan's distance would 
be less than the attractive force of the earth at the moon's 
•distance, in the inverse proportion of the squares of those 
distances ; whereas we have seen that for the false Titan to 
move as supposed, the former force should be less than the 
latter in the inverse proportions of the simple distances. Thus, 
if Saturn's mass were equal to that of the earth, his attrac- 
tive force would be too small ; and it is perfectly clear that 
for Titan to move in the manner imagined, Saturn's mass 
must exceed that of the earth in the direct proportion of the 
•distances of Titan and the moon from their respective 
primaries ; the diminution of attraction in the proportion of 
the squares of the distances thus leaves Saturn's attractive 
force less at Titan's distance, than that of the earth at the 
moon's distance, in the required proportion. 

Now let us take into account the difference in the orbital 
velocities of the real and false Titans. In the first place, it is 
clear that since the actual Titan moves more rapidly than the 
imaginary Titan, a greater deflective power is necessary to 
alter the direction of Titan's motion through a given angle 
in a given time, than would be requisite in the case of the 
imaginary Titan. And in the case of circular orbits uni- 
formly described, it is easily seen that the former force 
should exceed the latter in the direct proportion of the velo- 
cities of the real and false Titans respectively. But the 
direction of the motion of Titan is moved through a given 
angle in less time than that in which the direction of motion 
of the false Titan is so moved ; for it is deflected through the 
four right angles while Titan is completing one revolution, 
and he accomplishes this in less time than the imaginary 

G 2 
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Titan in the inverse proportion of their respective velocities 
(since their orbits are equal). The attractive force, then, 
which would have had to be greater on the real than on the 
imaginary Titan in the proportion of their velocities, if their 
deflections were equal in equal times, must, in the actual case, 
be greater in the proportion of the squares of their velocities. 
Thus the mass obtained, on our first hypothesis, by increasing 
the mass of the earth in the proportion of the distances of 
Titan and the moon from their respective primaries, must be 
still further increased in the proportion of the square of Titan's 
velocity to the square of the moon's velocity. This could be 
readily effected from the data given above ; but the calcula- 
tion will be simplified if we consider that the velocity of a 
body revolving in a circle varies directly as the radius of the 
circle, and inversely as the period of revolution. Thus, to 
obtain Saturn's mass, the earth's mass must be increased as 
the cubes of the distances of Titan and the moon, and the 
result increased as the squares of the periods of revolution of 
the moon and Titan. 1 Hence, Saturn's mass = the earth's 

mass x [ 759>99Q \ x fj_b \ _ t ^ e eart j l » s mass x 

\23Sj67J ^15-94543; 

94*6766. On several accounts this result requires modifying, 
however. The moon's mass bears an appreciable (though 
small) proportion to the mass of the earth, and, strictly speak- 
ing, it is not about the earth that the moon revolves, but about 
the centre of gravity of the earth and moon. Again, Titan's 
masf bears an appreciable (though very. small) proportion to 
that of Saturn ; the masses of the rings and of the seven 
other satellites disturb Titan's motion ; and other such con- 
siderations have to be taken into account But a more im- 

1 Thus, — let d 9 D be the respective distances of the moon and Titan from their 
primaries ; v, v their respective orbital velocities ; /, P their respective periods : 

then the mass of Saturn » the mass of the earth x ; but —*■— -r- =» — : thus 

d v* v p / tfp 

the mass of Saturn - the mass of the earth x _J- 
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portant circumstance than any of these is, that the attraction 
of the sun operates, on the whole, to diminish the earth's 
attraction on the moon ; and thus to increase the moon's 
mean period of revolution about the earth. Taking these 
considerations into account, it appears that Saturn's mass is 
about 91*433 times as great as that of the earth. 

Saturn's volume exceeds that of the earth in the propor- 
tion of the squares of their respective equatorial diameters, 
multiplied by their respective polar diameters. Thus, Saturn's 

volume=the earth's volume x ( 7^2) Y^SH =the earth's 

\ 7924 / \ 7898 J 

volume x 691*362. Now we have seen that Saturn's mass is 
only 91*433 times as great as that of the earth. Hence 
Saturn's density is less than that of the earth in the propor- 
tion of 91*433 to 691*362. If we call the earth's mean density 
I, then the mean density of Saturn is "1323. The mean den- 
sity of the earth is about 5^ times as great as the density of 
water. Or, more exactly, if the density of water be called 
1, the mean density of the earth is 5*6747. Thus Saturn's 
mean density (if the density of water be called 1) is only 
V5°5 *■ or about equal to the density of oak (75), and very 
little greater than the density of sulphuric ether (72). 1 It 
will be shown, however, in Chapter VI., that the materials of 
which Saturn is composed are not necessarily different from 
those constituting our earth. 

The relative proportions of Saturn and his rings, and of 
the smaller members of the solar system, are exhibited in 
Plate I. The dimensions of the satellites must be considered 
merely as guesses, founded on their relative brightness ; no 
actual measurements have yet been made of these bodies. 
On the same scale the distances of the satellites would be 
respectively 2£in., 4}in., 5 j^in., 6£in., 9^in., ift. gin., 2ft i^in., 

' Sir John Herschel, in his ' Outlines of Astronomy,' remarks that Saturn 
* must be composed of materials not much heavier than cork. ' The density of 
•cork, however (water as 1), is only '24 ; Saturn's mean density is more than three 
times as great. 
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and 5ft. i£in. The relations of these orbits are exhibited 
on smaller scales in Plate VII. The distance of the moor* 
from the earth, on the scale of Plate I., is 6*6 inches, corre- 
sponding very nearly to the distance of the figure representing 
Saturn's eighth satellite from the figure of the earth. On. 
the same scale the diameters of Uranus and Neptune would 
each be rather less than 1 inch, and the diameter of Jupiter 
rather less than 2\ inches, while the diameter of the sun 
would fall short of 2 feet by less than half an inch. Again,, 
on the same scale the mean distance of the earth from the 
sun would be nearly half a mile, and the mean distance of 
Saturn from the sun more than 4^ miles. From these rela- 
tions the reader will see : first, how insignificant are the 
dimensions of our earth compared with those of the larger 
members of our system ; secondly, how small even these 
globes appear when compared with the sun ; and lastly, how 
minute are the proportions even of that gigantic globe when 
compared with the distances at which his attendant orbs 
revolve around him. 1 

Only the most powerful telescopes exhibit (under favour- 
able atmospheric conditions) the complete series of phe- 
nomena described in this chapter. The two inner and the 
seventh satellites of Saturn are especially difficult objects. 
Mr. Wray records, however, that Mimas and Enceladus were 
visible in December 1861 (when the dark side of the ringf 
was turned towards the earth), with his achromatic of only 7 
inches clear aperture. The third, fourth, and fifth satellites 

1 When we compare the dimensions and orbits of the satellites with the 
diameters of their primaries, we do not find the same uniformity of disproportion. 
Thus, while the satellites of Jupiter and Saturn are mere atoms compared with 
their primaries, the volume of the earth does not exceed that of the moon more 
than fifty-five times ; on the other hand, while the three outer satellites of Saturn, 
the outer satellite of Jupiter, and our own moon, revolve at distances from their 
respective primaries compared with which the diameters of those primaries appear 
very small, the same is not true of the other satellites of Saturn and Jupiter. 
The three inner satellites of Saturn revolve in orbits of very moderate dimen- 
tions, the mean distances of all falling within five and a half semi-diameters o5 
Saturn. 
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are not very difficult objects. This fifth is slightly brighter 
than the other two ; but all three are visible with a good 
achromatic of 4 inches aperture, the atmosphere being clear 
and steady. 1 The sixth and eighth can be readily detected 
with telescopes of moderate power, Japetus requiring a power 
of 100, and Titan being easily visible with a power of 80. In 
general, Japetus must be sought for at a considerable distance 
from the disc of his primary. 

The lowest power with which the rings become visible 
(as such) is about so. 2 A power of 1 50 is required to exhibit 
them with distinctness. The division between the rings can 
be seen with a power of 200, when the rings are open to 
nearly their full extent and viewed under favourable condi- 
tions. Under the same circumstances, the dark ring may be 
seen, as already mentioned, with a good achromatic of 4 
inches aperture. The division in the outer ring and the 
variable divisions are only visible with a few of the finest 
reflectors and refractors in the world. 

1 Wargentin relates that he saw the five brightest satellites with an achromatic 
of 10 feet focal length. On December 10th, 1793, Sir William Herschel saw 
them with a power of 60 applied to a reflector of 10 feet focal length. They can 
be detected, however, with smaller instruments. I have repeatedly seen all five 
with perfect distinctness through an achromatic of 4 inches aperture, and 5^ feet 
focal length. 

* Since the diameter of Saturn when in opposition is about 19" *2, a power of 
50 presents him to the eye with an apparent diameter of 16 7 , — rather greater than 
the mean apparent semi-diameter of the moon ; and it might at first sight appear 
that when the planet has so great an apparent diameter, the rings must be con- 
spicuously visible. Such is not the case, however ; and, in fact, this method of 
estimating the appearance of the magnified disc of a planet is altogether deceptive. 
The disc really appears of the dimensions calculated ; but, in the first place, the 
apparent size of the moon is over-estimated by the unaided eye ; and, secondly, 
when we so view the moon, her disc is not perceptibly distorted by atmospheric 
undulations, whereas these undulations are all magnified fifty-fold when we use a 
telescopic power of fifty, and the disc of a planet so viewed is correspondingly 
distorted. If to these considerations be added the difference in the illumination 
of Saturn and of the moon (see Chap. VI.), and the loss of light by reflection at the 
surfaces of the lenses and by adoption in passing through them, it will readily be 
seen that an observer who should found his expectations on such a calculation as 
that given above, would be altogether disappointed by the view he would actually 
obtain of the planet. 
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The belts on the surface of the planet are visible, under 
favourable atmospheric conditions, with a good achromatic of 
4 inches aperture. In general, however, they require tele- 
scopes of greater power to reveal their outlines with distinct* 
ness. 

No object in the heavens presents so beautiful an appear- 
ance as Saturn — viewed with an instrument of adequate 
power. The golden disc, faintly striped with silver-tinted 
belts ; the circling rings, with their various shades of brilliancy 
and colour ; and the perfect symmetry of the system as it 
sweeps across the dark background of the field of view, 
combine to form a picture as charming as it is sublime and 
impressive. 
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CHAPTER IV. 

THE PERIODIC CHANGES IN THE APPEARANCE OF 

SATURN'S SYSTEM. 

In describing his orbit about the sun, Saturn retains the 
direction of his polar axis (or axis of rotation) unaltered, or 
very nearly so. As in the case of the earth, there are small 
motions of this axis, owing to which, in the course of many 
thousands of years, the poles of the Saturnian heavens travel 
with an undulatory movement round two opposite small 
circles of the celestial sphere ; l but so far as a single revolu- 
tion about the sun is concerned, we may consider the polar 
axis of Saturn as retaining its direction absolutely unchanged. 
This axis is inclined at an angle of 63 10' 32'' to the plane 
of Saturn's orbit — in other words, the plane of Saturn's 
equator is inclined at an angle of 26 49' 28" to the plane in 
which Saturn moves. I propose, in this chapter, to consider 

1 The complete revolution of Saturn's vernal equinox occupies upwards of 
412,080 years, the annual precession of his equinoxes being 3" '145. The right 
ascension of the north pole of the Saturnian ecliptic is i8h. 23m. 317s. ; and the 
declination 67 22 r 20". The poles of the Saturnian heavens revolve in two small 
circles, having this point and the opposite point on the celestial sphere for their 
respective poles, the angular radius of each small circle being 26 49/ 28". 

At present no conspicuous star lies near either pole of the Saturnian heavens. 
The right ascension of the northern pole is 2h. 23m. 17s., the declination 82°52 / 
36" ; this pole, therefore, lies near the northern foot of Cepheus, and nearly 6° from 
the polar star ; the nearest visible star is 2 Ursae minoris of the fifth magnitude — 
about 3 from Saturn's north pole. Saturn's south pole lies in the constellation 
Octan, and less than i° from the star 5 Octantis of the fifth magnitude. As with 
the earth, the conspicuous stars, a Draconis and a Lyra (the brilliant Vega), are 
possible north-polar stars for Saturn, and 1 Argus is a possible south-polar star ; 
but many centuries must elapse before any of these stars will occupy such 
positions. 
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the effect of this inclination in producing changes of appear- 
ance in Saturn's rings and disc, and in modifying the apparent 
orbits of his satellites ; leaving to a future chapter the con- 
sideration of the variations — due to the same cause — in the 
Saturnian seasons, and in the appearance of the rings to the 
Saturnians. 

The plane of the rings coincides in general with the plane 
of Saturn's equator, but is subject to oscillatory movements,, 
whose extent and period have not yet been determined. 
Such oscillations will not be taken into account in considering 
the general changes of appearance presented by the ring, 
as, following the planet, it sweeps on its path round the sun. 

In fig. i, Plate VIII., let npn'm be Sattirn's orbit, 
E eVe'" the orbit of the earth about S, the sun ; let N s n' be 
the line of nodes of Saturn's orbit on the ecliptic, 9> being 
the ascending, and f3 the descending node ; suppose, also, 
that N Q n'r represents the projection of Saturn's orbit on the 
plane of the ecliptic. The longitude of the ascending node 
of Saturn's equator — and therefore the mean longitude of the 
ascending node of his ring — on the ecliptic, is at present 167 
43' 29", while the longitude of the point N is 11 2° 29' 18" ; 
so that if we draw the line Q S R inclined to s N at an angle 
of 55 14/ 1 1", Q S R is the direction of the line of nodes of the 
ring's plane on the ecliptic It is not actually the line of 
nodes, since that moves with the ring ; but wherever the ring 
may be on N P n'm, the line in which its plane intersects the 
ecliptic is parallel to Q S R ; and twice in each revolution of 
Saturn this line coincides with Q s R. Now the plane of the 
ring is inclined at an angle of 2 8° 10' 22" to the plane of the 
ecliptic ; hence, when the line of nodes of the ring's plane on 
the ecliptic coincides with the line Q S R, the plane of the 
ring intersects the plane of Saturn's orbit in the straight line 
P S M, such that the plane P S Q is inclined at an angle of 2 8° 
10' 22" to the plane of Saturn's orbit. The heliocentric 
longitude of the point P is 171 43' 35" ; the latitude of p is 



PERIODIC CHANGES IN APPEARANCE. 91 

2° 8' 26" N ; and the arc N P is 59° 15' 42". 1 The line FSM 
gives the direction of the line of nodes of the ring's plane on 
Saturn's orbit ; wherever the ring may be, the line of nodes 
is parallel toPSM, and when Saturn is at P or M, the line of 
nodes coincides with the line P s M. 

Let us now trace the motion of the ring through a revolu- 
tion about the sun, starting from the point P. In the first 
place, let us neglect all consideration of the earth's motion in 
her orbit, and suppose the observer to be placed at the sun's 
centre. 

When Saturn is at P, P S R is the line of nodes of the ring's 
plane on his orbit, and therefore the line of sight, S P, co- 
incides with the plane of the ring. 2 Thus, when Saturn is at 
P, the spectator at s is looking at the edge of the ring, and it 
appears to him as a fine line of light inclined at an angle of 
26 49' 28" to the line of Saturn's motion — the eastern 
extremity of the ring being elevated— as shown at I, fig. i, 
Plate IX. As the ring passes on to position II (fig. 1, Plate 
VIII.), the line of sight from S becomes more and more 
inclined to the line of nodes of the ring's plane on the plane 
of Saturn's orbit When the ring is at II, the line of sight 
from S, inclined at an angle of about 23 to the line II VIII,. 

1 The arc from p to Q is 4 32' 15". 

* It must be understood that in fig. 1, Plate VIII., the curve nqn'r is 
supposed to lie in the plane of the paper ; thus the half N p n' of Saturn's orbit 
lies above, and the dotted half n'm n below the plane of the paper. The lower 
half of each figure of the ring is supposed to lie above the plane N p n'm, the 
upper half lying below that plane ; to avoid confusion the figure of the ring is 
omitted at the points p and m. The lines / xm f^, xiv-xn, xv-xi, . . . tvt', 
represent the lines of nodes of the ring's plane on Saturn's orbit in different 
positions, these lines are parallel to one another, and the dotted part of each is 
supposed to lie below the plane of the paper. The other lines through the points 
1, 2, 3, ... 13 (in which the former set of lines meets the line of nodes of 
Saturn's orbit on the ecliptic), represent the corresponding positions of the line of 
nodes of the ring's plane on the plane of the ecliptic ; these lines also are parallel to- 
one another. The proportions of the rings are greatly exaggerated : on the scale of 
the rings the diameter of the orbit should be more than two miles long ;. on the 
present scale of the orbit the sun's diameter would be less than ^th part of an 
inch, the outer diameter of the rings less than g^th P art of an inch. 
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passes above the nearer, and below the farther half of the 
ring, and is inclined at an angle of io° 10' to the plane of the 
ring : — thus the appearance of Saturn and his rings is as 
shown at II, fig. I, Plate IX., the northern side being visible. 
As Saturn passes on through the positions III and IV to V, 
the angle between the line of sight from s and the line of 
nodes of the ring's plane on Saturn's orbit, increases continu- 
ally. When Saturn is at in this angle is about 46 , when 
he is at IV it has increased to about 68° ; and, finally, when 
Saturn is at V it is a right angle, the corresponding angles at 
which the line of sight is inclined to the plane of the ring 
being respectively 18 57', 24 44', and 26 49' 28". Thus 
the planet and rings appear as shown at III, IV, and V, fig. 1, 
Plate IX., the northern side being still visible. At V the 
ring is seen opened to its greatest extent, the division in the 
ring just appearing above the edge of Saturn's disc. Through- 
out these changes the apparent major axis of the ring has 
become less and less inclined to the line of Saturn's motion, 
until at V it coincides with that line. 

As Saturn passes on to the position IX (fig. 1, Plate VIII.) 
the line of sight from S becomes less and less inclined to the 
line of nodes, and the planet and ring pass through the same 
changes as before, but in a reverse order : the northern side 
of the ring still continues visible, but the apparent major axis 
of the ring now has its western extremity elevated above the 
line of Saturn's motion. Thus the planet and rings appear 
as shown at VI, VII, and VIII, fig. 1, Plate IX. Finally, when 
Saturn is at IX, fig. 1, Plate VIII., the line of sight, s M, again 
coincides with the line of nodes, and the ring appears as a 
fine line of light inclined at an angle of 26 49' 28" to the line 
of motion of Saturn's centre (or as shown at IX, fig. 1, Plate 
IX.). 

As Saturn passes from IX to xm, he goes through the 
same changes, in the same order, as in moving from I to v. 
But it is plain that the line of sight from S now passes below 
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the nearer and above the farther part of the ring ; thus the 
planet and rings appear as shown at x, XI, XII and XIII, fig. 
1, Plate IX., the southern side being visible. The western 
extremity of the apparent major axis of the rings still con- 
tinues elevated above the line of Saturn's motion until it 
coincides with that line when Saturn is at XIII. 

Finally, as Saturn moves up to I, the system presents 
successively the appearances shown at xiv, xv, and XVI, fig. 
1, Plate IX., the southern side continuing visible, but the 
eastern extremity of the apparent major axis of the ring 
elevated above the line of Saturn's motion. 1 

The variations .in the appearance of the system, viewed 
from the earth, are not different from those just described ; 

1 The mathematical reader will find no difficulty in verifying the following 
simple construction for determining the appearance of the ring — supposed to be 
viewed from the sun. With centre c, fig. 2, plate VII., describe a circle aebd, 
whose diameter shall represent the apparent major axis of the ring's outer boundary ; 
draw the diameter A B and E D at right angles to each other ; through c draw c F, 
so that F c B is an angle of 26 49' 28" ; draw f g perpendicular toCD; with 
centre c describe the circle gk,k,k,; and from c draw lines CK„ ck^ and c K t . 
First let K, c b be the angle that, at the moment considered, Saturn has swept 
out around the sun from the point P (fig. 1) of his orbit ; draw K, L, and K, M, 
perpendicular to CD and c b respectively, and join b l, and D M,. Then C l, is 
the apparent semi-minor axis of the outer boundary of the ring. Further, cbl, 
approximately represents the angle at which the line of sight is inclined to the 
plane of the ring, and CDM, approximately represents the angle at which the 
apparent major axis of the ring's outline is inclined to the apparent path of 
Saturn's centre. [The true values of these angles are somewhat greater, and are 
obtained by describing circles about C as centre, with radii c L, and c M, respec- 
tively, and drawing tangents to these two circles from the points B and D respec- 
tively ; these will be inclined to the lines c B and c n, respectively, at the required 
angles.] Similarly, if the angle K t CB, or k,cb (greater than two right angles \ 
represents the angle swept out by Saturn about the sun (from p), we can obtain 
(i.) c Lj or c L,, the semi-minor axis of the apparent outer boundary of the ring ; 
(ii.) the angle cb L, or c B L„ at which (approximately) the line of sight is inclined 
to the plane of the ring ; and (iii. ) the angle CDM : orCD M„ at which (approxi- 
mately) the apparent major axis of the ring's outline is inclined to the line of 
motion of Saturn's centre. According as the point corresponding to L, lies above 
or below A B, the northern or southern face of the ring is visible, and according 
as the point corresponding to M, lies to the right or to the left of D e, the eastern 
or western extremity of the ring's major axis is elevated al>ove the line of motion of 
Saturn's centre. If C B represents the semi-major axis of any other outline of the 
ring than the outer boundary, then the line corresponding to c L, represents the 
semi-minor axis of the corresponding outline. 
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but they are presented in a less simple succession. Besides 
the continuous increase and decrease in the minor axis of the 
ring, corresponding to the motion of Saturn in his orbit, there 
are changes corresponding to the motion of the earth in hers. 
When the line of nodes of the ring's plane on the ecliptic is 
passing across the limits of the earth's orbit, the variations 
arising from the motion of the earth are still more marked, as 
will presently appear. 

To illustrate the general effects of the earth's motion in 
modifying the appearance of Saturn's system, let us trace the 
motions of Saturn and the earth, from the conjunction which 
took place in the autumn of 1864, to the conjunction which 
will take place in the autumn of the current year (1865) — 
neglecting, for the present, the departure of the earth from 
the plane of Saturn's orbit ; that is, supposing both orbits to 
lie in the same plane. The first-mentioned conjunction took 
place on October 14th, 1864, at 3I1. 9m. A.M., Saturn being at 
K and the earth at the point in which the line from K, through 
S, meets the orbit E E' e" (beyond s). If, then, Saturn had 
not been at this time hidden from view by the superior efful- 
gence of the sun, he would have presented the same appear- 
ance (on a slightly diminished scale owing to increased 
distance) to the observer on earth as to the supposed observer 
at the sun's centre ; for the line from the earth to Saturn is 
inclined at the same angle to P M (or, which is the same thing, 
to the line through K parallel to P M) as the line from the 
sun. But as the earth moved on in her orbit, Saturn moving 
on slowly in his, the former angle obviously increased more 
rapidly than the latter, until Saturn was in quadrature pre- 
ceding opposition (which happened on January 20th, 1865, at 
oh. 5 m. A.M.) At this time the earth was between n and e', 
Saturn at k', and the former angle exceeded the latter by 
about 6°. Hence, since the extent to which the rings appear 
opened obviously depends altogether on the angle at which 
the line from the spectator is inclined to their plane, the 
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rings were opening out more rapidly to theobserver on earth, 
■during the interval from conjunction to quadrature, than they 
would have been to an observer placed at the sun's centre. 
On the other hand, as the earth and Saturn move on in their 
respective orbits to opposition (which takes place on April 
17th, at oh. 32m. A.M.), it is plain that the line of sight from 
the earth moves up to coincidence with the line from the sun's 
centre. During the first part of this interval, the rings appear 
to the observer on earth to be opening out, but more and 
more slowly, till in the beginning of February they attain 
their greatest expansion (the line of sight from the earth 
being then inclined at an angle of about 16 15' to the plane 
of the rings). After this the rings appear to close, more and 
more rapidly, till finally, when Saturn is in opposition (at III, 
the earth being in the line from S to ill, near e"), his system 
presents the same appearance (on a slightly increased scale 
owing to diminished distance) to the observer on earth as it 
would to an observer placed at the sun's centre. As Saturn 
and the earth move on to conjunction, the rings continue to 
■close, but more and more slowly, till the last week of June 
{the line of sight from the observer on earth being then 
inclined at an angle of about 1 3 40' to the plane of the rings). 
After this they open out till Saturn is in quadrature, follow- 
ing opposition (which happens on July 16th, at ih. 2m. P.M., 
Saturn having moved through nearly 2° from III, and the 
•earth being between n' and e'") ; and thence more rapidly, 
till finally at conjunction (which happens on October 26th, at 
ih. 1 6m. P.M., Saturn being at K" and the earth not far from 
E), the line from the earth is again coincident with the line 
from the sun to Saturn. It appears, then, that although 



1 If a figure be constructed, as shown in the preceding note, to determine the 
■appearance of the ring as seen from the earth and from the sun at this time, it will 
be found that the angle at which the line from the earth is inclined to the plane 
of the ring, exceeds the angle at which the line from the sun is inclined to that 
plane, by about 2° 15'. 



96 SATURN AND ITS SYSTEM. 

during nearly five months of the synodical revolution con- 
sidered, the rings will have been closing up, yet on the whole 
they will have opened out by the same amount to the observer 
on earth as to an observer supposed to be placed at the sun's 
centre. 

« 

The departure of the earth from the plane of Saturn's 
orbit is so small compared with Saturn's distance from the 
earth, even when in opposition, that its effect in modifying 
the appearance of Saturn's rings (as viewed from the earth) is 
very slight At opposition, when in general this effect is 
greatest, the opening of the rings may be diminished or 
increased according to the position of the line on which oppo- 
sition occurs. If this line lies within the angles NSPor N's M, 
the opening of the rings is slightly increased : for when within 
the first angle, the earth is below the plane of Saturn's orbit, 
and also below the visible face of the rings, so that the depar- 
ture of the earth is from that face ; and, within the second 
angle, the departure of the earth is still from the visible face 
of the rings, for the earth is above that face and also above 
the plane of Saturn's orbit. On the other hand, if opposition 
occurs within the angles PSN'orMSN, the departure of the 
earth from the plane of Saturn's orbit plainly brings the earth 
towards the plane of the ring ; for within the former angle 
the earth is below the plane of Saturn's orbit, and above the 
visible face of the rings ; and within the latter angle the earth 
is above the plane of Saturn's orbit, and below the visible face 
of the rings : thus the opening of the rings is diminished at 
or near opposition occurring within these two angles. The 
increase or diminution is very small, however, in either case, 
and any change in the opening of the rings, when Saturn and 
the sun are not in opposition, is in general still less important 
There is one case, however, which requires to be noticed. If 
the earth moved in the plane of Saturn's orbit, it is clear that 
the rings could never appear more open to the observer on 
earth than they would appear to an observer placed at the 
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sun's centre when Saturn is at v or xm. The opening of the 
rings would, in fact, only actually attain such an extent when 
opposition happened to take place along one of the lines s V 
or sxill, — though the difference would be inappreciable if 
Saturn were even in quadrature when at V or xm. 1 But since 
the earth moves in a plane inclined to the plane of Saturn's 
orbit, the observer on earth is occasionally able to see Saturn's 
ring slightly more open than it would ever appear to an 
observer placed at the sun's centre. For instance, suppose 
Saturn at or near XIII, and the earth at e (as in the winter of 
1855-1856); then we have just seen that the earth, being 
slightly above the plane of Saturn's orbit while moving from 
e to «, and below the rings' plane, the rings appear less open 
than they would if the earth were in the plane of Saturn's 
orbit, or than they would to an observer at the sun's centre ; 
but when the earth has passed n, and begins to dip below the 
plane of Saturn's orbit — that is, away from the plane of the 
rings — these appear more open to the observer on earth than 
they would to an observer at S. In the meantime, Saturn is 
moving away from that part of his orbit at which his rings 
would appear most open to an observer at s, and so far as 
this motion of Saturn's is concerned, the rings would appear 
to be closing to the observer on earth. The departure of the 
earth from the plane of Saturn's orbit has at first the' greater 
influence ; but as it gradually becomes slower and slower the 
effect of Saturn's motion in his orbit begins to show itself, — 
the rings cease to open, and commence slowly to close. 
Thus, on January 1st, 1856, the proportion of the minor to 
the major axis of the ellipse presented by the outer cir- 

1 The proportion of the minor to the major axis of the ellipse presented by 
any outline of Saturn's ring (say the outer edge) to an observer at s, when Saturn 
is at v or xm is '45015 ; the corresponding proportion in the case of an observer 
on the earth (Saturn being supposed to be then in quadrature to the sun) is 
■44765. If two ellipses, having equal minor axes, and minor axes in these pro- 
portions respectively, were drawn, the minor axis of the first would exceed that of 
the second by only jfoth part of the major axis of either. 

H 
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cumference of Saturn's ring to the observer on earth was 
•4491 ; on January 15th this proportion was '4501 (or very 
nearly the same as the corresponding proportion — when the 
ring is most open — to an observer placed at the sun's centre) : 
on March 21st, this proportion had increased to "4548 ; l on 
April 15th it had diminished to 4516, though the earth had 
then attained its greatest distance from the plane of Saturn's 
orbit ; and, finally, when the earth again reached the plane of 
Saturn's orbit at n\ this proportion had diminished to 4349. 

Let us next examine the phenomena presented when the 
line of nodes of the ring's plane on the ecliptic is travelling 
across the orbit of the earth (E E' E" if"). It is clear that 
during this passage the plane of the ring must pass once 
through the sun ; once, at least, through the earth ; and 
(unless those two passages happen to be simultaneous) the 
plane of the ring must lie for a time between the earth and 
the sun. In any one of these cases the ring will be invisible 
except through telescopes of great power : in the first, be- 
cause the sun is shining on the outer edge, and does not 
illuminate either face of the ring ; in the second, because the 
edge of the ring is turned directly towards the observer on 
earth ; and in the third, because the dark side of the ring is 
turned towards him. 

It may happen, however, that the plane of the rings will 
pass more than once through the earth during the interval 
we are considering. Let us examine two or three ways in 
which the passage of the line of nodes across the orbit of the 
earth may take place. To avoid confusion the words invisible, 
disappearance y and reappearance, are used without the addition 
of the words ' in ordinary telescopes ' ; it is to be understood, 
however, that in telescopes of great power the rings are 
probably never altogether invisible. 

1 At this time the line of sight from the earth to Saturn was inclined at an 
angle of rather more than 27 13' to the plane of the rings. This is very nearly 
the greatest angle at which it can be so inclined. Saturn's appearance at this 
lime is represented in fig. 3, Plate I. 
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Draw the lines Q' e R' and q" e' R" parallel to Q S R, and 
touching the circle E E' e" e'" at the points e and e' respec- 
tively : then, when the line of nodes of the ring's plane on 
the ecliptic is in any position between Q' r' and q" r", it 
passes across the earth's orbit Through the points 5 and 9, 
in which the lines Q' R' and Q" R" meet the line N s N', draw 
P' s m' and p" 9 m" parallel to pm; then, when the line of 
nodes is in the position of q' e r', Saturn is either at p' or m' ; 
and when the line of nodes is in the position q" tf r", he is 
either at p" or M" : thus, whenever Saturn is between the 
points P / and p", or m' and M" of his orbit, the plane of the 
ring intersects the earth's orbit Now each of the arcs p'p" 
and m'm" is slightly greater than the diameter of the earth's 
orbit ; and therefore each is approximately equal to one 
third part of the circumference of that orbit And since 
Saturn moves along the arcs P' p" and m' m" with a velocity 
rather less than one third of the earth's velocity in her orbit, 
it is clear that Saturn will occupy rather more time in tra- 
versing either of the arcs p'p" or m'm" than the earth in 
travelling once round her orbit ; in other words, the line of 
nodes of the ring's plane on the ecliptic occupies rather more 
than a year in passing across the earth's orbit. The actual 
interval is about a year and a week for the arc P' p", and about 
a year and three weeks for the arc m' m". 1 

Now let us suppose that when Saturn is at P / (and the 
line of nodes in the position Q' e r'), the earth is at or near n. 
The earth moving on from n y continues in advance of the 
line of nodes while that line moves up to the position Q R. 
During this time the earth and sun are both on the same side 
(the southern side) of the plane of the ring, which therefore 
is visible during this interval. But when the line of nodes 
has arrived at the position Q s R (Saturn being at p) the plane 

1 The interval is different for the two arcs p'p" and m'm" : in the former 
Saturn moves with a mean daily velocity of about 2' 3" '4; in the latter with a 
mean daily velocity of about i' 59" *o. Thus the interval for the arc m'm" is 
greater than the interval for the arc p'p", in the proportion of about 28 to 27. 

H 2 
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of the ring passes through the sun, and the ring disappears* 
After Saturn has passed the point P the sun is on the northern 
side of the ring, and the earth (somewhere between e' and ri on- 
its orbit) is on the southern side of the ring ; the ring is there- 
fore still invisible. When the earth, passing on towards e"',. 
meets the advancing line of nodes, the plane of the ring passes 
through the earth, and at this epoch the ring is invisible as 
before. But as the earth now passes to the northern side of 
the ring's plane — the sun being also on the northern side of 
that plane — the ring again becomes visible. The earth pro- 
ceeds to traverse the part of E n e' of her orbit ; when the 
earth has nearly reached T£f Saturn is at p", or the line of 
nodes is in the position Q" / r" ; thus the earth does not 
pass again through the plane of the ring, whose line of 
nodes on the ecliptic now passes beyond the range of the 
earth's orbit. 

It appears, then, that in the case considered, the plane of 
the ring passes only once through the earth ; there is one 
disappearance and one reappearance of the ring; and for 
some weeks between these events the ring is invisible. 

Again, if we suppose that when Saturn is at p' the earth 
is at e", it is clear that in this case also the ring's plane will 
only pass once through the earth : this will take place before 
Saturn reaches P. The plane of the ring will then disappear,, 
and continue invisible until the planet passes the point P. 
After this, the sun being on the same side of the plane of the 
ring as the earth, the ring will be visible. 

Further, if the earth is anywhere between n and fc" l when 
Saturn is at P*, the plane of the ring will pass only once- 
through the earth, and there will be one disappearance and 
one reappearance. 

But now let us examine another case, and as it happens 
that in the years 1861-62 the rings actually exhibited the 

1 And a few degrees beyond these points ; in fact, over the whole of the arc 
€ RV, except about 7° from the points e and e. 
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phenomena corresponding to this case, let us take the actual 
dates of the disappearances and reappearances of the ring in 
those years. When Saturn was at the part P' of his ortit, in 
the autumn of 1861, the earth was approaching the point E, 
and the southern side of the ring was visible. On November 
23, 1861, at 3 P.M., the earth was at E, Saturn at /, and the 
line of nodes of the ring's plane on the ecliptic was in the 
position q 6 E r, so that the plane of the ring passed through 
the earth : thus the ring disappeared at that instant, and the 
earth passing to the northern side of the ring's plane, the 
ring remained for a time invisible. On February 1, 1862, at 

3 A.M., the earth was at e', Saturn at ff y and the line of nodes 
in the position g* e' 7^, so that the plane of the ring again 
passed through the earth : thus the ring was invisible at that 
instant ; but the earth passing to the southern side of the 
ring's plane, 1 the ring reappeared. The ring continued visible 
until Saturn arrived at the point P, when the ring's plane 
passed through the sun. This took place on May 18, 1862, 
at 8h. 30m. A.M., the earth being then at e". The rin£ dis- 
appeared at this instant, the sun illuminating only the edge 
of the ring. After this, the sun being on the northern, the 
earth on the southern side of the ring's plane, the ring con- 
tinued for a time invisible. Finally, on August 13, 1862, at 

4 A.M., the earth was at e"', Saturn at /", and the line of 
nodes in the position q" 8 E"' r" ; thus the plane of the ring 
passed through the earth, and the earth passing to the 
northern side of this plane, the ring again became visible. 
When the earth had reached E (that is, in November 1862), 
the line of nodes had passed to the position Q" / r" ; thus 
the northern side of the ring has since continued visible. 

It appears, then, that while the line of nodes of the ring's 
plane on the ecliptic was crossing the earth's orbit in the years 

1 Fig. 1, Plate I., represents Saturn a day or two after this reappearance. 
The sun being raised about i° 38' above the plane of the ring, the shadow is 
visible as a dark line crossing Saturn's disc. 
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1861-62, the plane of the ring passed three times through 
the earth, that the ring disappeared twice and reappeared 
twice, and continued invisible during two intervals, the first 
of nearly ten weeks, the second of twelve weeks. 

If the earth had been at ^ when the line of nodes had 
reached the position Q' e r', it is clear that the plane of the 
ring would have passed three times through the earth in this 
case also. The first passage would have taken place before 
Saturn reached the point P, until which time the rings would 
have been invisible. They would have become visible when 
Saturn had passed the point P, and continued so until Saturn 
had very nearly reached the point P", when — the earth being 
near J — the plane of the rings would have passed twice 
through the earth, disappearing at the first passage and re* 
appearing at the second. 

Further, if the earth is anywhere on the arc eE/, and for 
a few degrees beyond the points e and ^, when Saturn reaches 
the point P 7 , the ring's plane will pass three times through the 
earth, and there will be two disappearances of the rings, and 
two reappearances. 

Similar remarks apply to the passage of Saturn through 
the arc m" m m' of his orbit. Thus, if the earth is anywhere 
on the arc e E' ^, or a few degrees beyond the points e and J y 
when Saturn reaches the point m", the ring's plane will pass 
three times through the earth, and there will be two dis- 
appearances and two reappearances of the rings. But if the 
earth is anywhere on the remaining arc of its orbit when 
Saturn arrives at m", the ring's plane will pass only once 
through the earth, and there will be one disappearance and 

one reappearance. 

In general, when the plane of the rings has passed through 
either the earth or the sun, the rings disappear or reappear. 
For it is clear that if before the passage of the rings' plane 
through the earth, their illuminated side was turned to the 
observer, then after such passage the earth must be on the 
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darkened side of the rings, and vice versd. And again, if 
before the passage of the ring's plane through the sun, the 
earth and the sun are on the same side of the ring's plane — 
then, after such passage, the earth and the sun must be on 
opposite sides of the ring's plane, and vice versd. It may 
happen, however, that the plane of the ring passes through 
the sun and the earth at the same or nearly the same 
instant of time ; and it is perfectly clear that, in this case, if 
the ring is invisible before such passage, it will be invisible 
after it, and vice versd. Thus, if the ring's plane passes only 
once through the earth at this passage of the nodal line across 
the earth's orbit, there will be no interval during which the 
ring is invisible (except the brief interval of the passage of the 
ring's plane through the earth and the sun) ; and only one 
such interval if the ring's plane passes three times through the 
earth. It will readily be seen that in the former case Saturn 
and the sun would be in conjunction at the double passage, 
and Saturn therefore invisible ; ! in the latter case Saturn 
would be in opposition to the sun, and therefore favourably 
situated for observation. 

Again, two passages of the earth through the plane of the 
ring may coincide. This will occur if, when Saturn is at P', 
p", m', or m", the earth happens to be on one of the points 
separating the two arcs of its orbit mentioned above. Thus, 
if the earth is a few degrees beyond the point e when Saturn 
arrives at P', the line of nodes of the ring will overtake the 
earth (which is here moving in a path inclined at a very small 
angle to that line) ; but before the ring's plane has passed 
beyond the earth, the rapid motion of the latter carries it (as 
the angle increases at which the direction of such motion is 
inclined to the line of nodes) again in front of the line of 
nodes, and the rings only disappear for the comparatively 

1 To avoid confusion, no notice has been taken of the invisibility of Saturn at 
and near conjunction, in the description of the passage of the nodal line of the 
ring's plane across the ecliptic. 
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brief interval during which their plane passes through the 
earth. A similar double passage will happen if the earth is a 
few degrees from e' when Saturn reaches p" ; for, in this case, 
when Saturn is approaching P", the earth will have moved 
round in her orbit (having passed once through the plane of 
the rings), and have reached the line of nodes ; but before the 
earth has passed through and beyond that line, the direction 
of the earth's motion will have become inclined to the line of 
nodes at so small an angle that that line will again pass in 
front of the earth. The earth will similarly hang for a short 
time in the plane of the rings, without passing through and 
beyond it, if, when Saturn reaches m' or m", the earth is a few 
degrees from e or beyond e\ In these cases it will be seen 
that the rings are visible both before and after the double 
passage. It is plain, also, that at such a double passage the 
earth would be for a longer time in the plane of the rings than 
when merely passing through that plane, and thus the phe- 
nomena attending the disappearance of the ring would be very 
favourably seen. The coincidence described is, of course, 
very uncommon ; if, however, the earth is near one of the 
points mentioned, she hangs longer in and near the plane of 
the rings than at an ordinary passage through that plane. 1 If 
the earth passes through the plane of the ring when Saturn is 
at or near opposition, an observer on earth will be between 
the planes bounding opposite faces of the ring for about 8 

1 It is stated in Sir John HerschePs ' Outlines of Astronomy ' that the plane 
of Saturn's ring in crossing the earth's orbit generally passes twice through the 
earth ; and in Hind's • Introduction to Astronomy ' that * there are usually two, 
if not three, disappearances about the time of the planet's arrival at the nodes.' 
The above investigation shows that the earth can never pass twice exactly through 
the plane of the ring during the passage of this plane across the earth's orbit, 
but may pass either once or three times. And again, it is clear that there may 
be two disappearances of the ring, but never three ; or, if reappearances and dis- 
appearances are both included under the term * disappearances,' then there may 
be two or four, but can never be three exactly. The case supposed by Herschel 
would leave the earth on the same side of the ring's plane before as after the 
passage of that plane across the earth's orbit ; the case supposed by Hind would 
leave the rings invisible after such passage. 



lin 
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seconds — the thickness of the rings being assumed to be 100 
miles — for he is carried from one plane to the other with a 
velocity equal to the difference of the velocities of the earth 
and Saturn, or at the rate of 44,000 miles an hour. If the 
earth passes through the plane of the rings when Saturn is in 
•conjunction, and Saturn could be seen at such a time, the 
observer would be carried from plane to plane of the opposite 
faces of the ring in 4 seconds. On the other hand, when two 
passages of the earth through the ring's plane coincide, an 
observer might be nearly nine hours between the planes 
bounding opposite faces of the rings (supposing the thickness 
•of the rings to be 100 miles), — not being carried through both 
planes, but twice through one plane. If two passages were 
very nearly coincident, an observer might be four or five hours 
between the two planes at one passage, and an hour or two 
at the other, passing each time through both planes. When 
the earth passed through the plane of the ring in November 
1861, the time of passage of each point on the earth from 
plane to plane of the bounding faces of the rings was very 
short : the corresponding passage in February 1862 occupied 
a longer interval. 

Another consequence of the earth's motion in her orbit is 
that the shadow of the rings on the planet, and the shadow 
of the planet on the rings, become visible. It is clear 
that to an observer placed at the sun's centre these shadows 
would at all times be invisible, — since those parts only of the 
rings and planet are in shadow from which the sun is invisible 
(through the interposition of parts of the planet and rings re- 
spectively), and the sun being invisible from them, they would 
be invisible to an observer placed in the sun. And the more 
nearly the line of sight from the earth to Saturn approaches 
to coincidence with the line from the sun to Saturn, the less 
conspicuous will the shadows be. Thus, when Saturn is in 
quadrature to the sun, at which time the angle between these 
lines is greatest (having an average value of about 6° at that 
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time *), both shadows are, in general, more conspicuous than 
at any other time; but there is a difference between the 
two shadows in this respect When the rings are open to 
nearly their greatest extent, the shadow of the rings on the 
planet is not conspicuous, even when Saturn is in quadrature, 
for the motion of the earth in her orbit causes very little 
alteration in the apparent opening of the rings at this time ; 
thus the earth being elevated at very nearly the same angle 
as the sun above the plane of the rings, those parts of the 
planet's disc which would be invisible from the sun (that is, in 
shadow) are also invisible — or only visible along very narrow 
strips of their surface — to the observer on earth, in whatever 
part of her orbit the earth may be. On the other hand, the 
shadow of the planet on the rings is very favourably seen 
when Saturn is in this part of his orbit, and in or near quad- 
rature; for the portion of the rings concealed from the 
observer on earth, and the portion hidden from the sun (that 
is, in shadow), are shifted from coincidence with each other 
through an angle of 5|° or 6^° (according as Saturn is near 
perihelion or aphelion) 2 about the centre of the rings, and a 
large part of the shadow of the globe thus becomes visible 
on one side or the other of Saturn's disc. Further, since the 
rings are open to their greatest extent, the shadow, which 
extends nearly across the width of the rings, is less fore- 
shortened at this time than when the rings are less open. 
Thus the shadow appears as in fig. 3, Plate L, in the form of 
a broad curved black space bounded by two elliptical outlines. 
This figure represents Saturn as he appeared when near the 
point XIII of his orbit (fig. 1, Plate VIII.), and in quadrature 
following opposition (that is, when the earth was between E^ 
and e"). The shadow lies to the right of the planet's disc : in 

1 When Saturn is in perihelion this angle is 6° 22' 25" '6 ; when he is in 
aphelion it is 5 41' 5o"-2. 

1 The rings are open to their greatest extent when Saturn is near one or other 
of the apses of his orbit. 
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reality the shadow lay at this time to the left of Saturn's disc,, 
but in an inverting telescope the shadow appeared as repre- 
sented. If there were no division in the rings the shadow 
would have been visible beyond the uppermost point of 
Saturn's disc, and for a short distance to the left of this point ; 
for, as we have seen, the line of sight from the earth to 
Saturn was inclined at a slightly greater angle to the plane of 
the rings than the line from the sun. Since, however, the 
division in the rings becomes visible above the disc of Saturn, 
there is no visible shadow at this point or in its neighbour- 
hood. 1 When Saturn (near XIII) was in quadrature preceding 
opposition (in October 1855), the shadow presented a similar 
appearance on the other side of Saturn's disc. 

When Saturn is in other parts of his orbit, the shadow of 
the rings on the planet is more favourably seen. Thus, if 
Saturn is at L, and the earth near E — that is, Saturn in 
quadrature preceding opposition — it is clear that the earth is 
elevated at a smaller angle than the sun above the plane of 
the rings. Thus the ellipses presented by the rings to the 
observer on earth have smaller minor axes than the corre- 
sponding ellipses that would be presented by the rings to an 
observer at the sun's centre. The shadow of the rings is 
therefore seen outside the outer edge of the rings as a black 
stripe, whose outline forms part of an ellipse of larger minor 
axis than that of the ring's outline. Fig. 2, Plate I., represents 
the appearance of Saturn in an inverting telescope at such a 
time. He appeared thus in the earlier part of November 1858. 
At this time the shadow of the planet on the rings appeared 
(in an inverting telescope) to the left of the planet's disc — 
more foreshortened than the corresponding shadow in fig. 3, but 
sufficiently conspicuous. 

When Saturn had passed on to quadrature following oppo- 

1 In pictures of Saturn by Bond and other observers, the division is thus 
shown. Possibly the shadow of the globe has been mistaken for the continuation 
of the division at this point. 
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sition, or in the spring of 1859 (the earth being between e' 
and E" ), the shadow of the rings appeared within them l 
(since the earth was elevated at a greater angle than the sun 
above the plane of the rings), and the shadow of the planet 
to the right of the planet's disc — in an inverting telescope. 

As Saturn's ring closes up, the portion of the shadow of 
the rings visible when Saturn is at or near quadrature 
increases, while the shadow of the planet on the rings becomes 
more and more foreshortened. When Saturn is near either 
of the positions I or IX, the whole of the shadow of the rings 
becomes visible, at and near either quadrature. As the sun is 
nearly in the plane of the rings the shadow is very narrow. 
It appears within or without the outline of the rings, according 
as the earth or the sun is elevated at the greater angle above 
the rings' plane. Thus, in fig. 1, Plate I., the whole of the 
shadow is seen crossing the planet's disc below the outline of 
the rings. This figure represents Saturn as he appeared in an 
inverting telescope, a day or two after the reappearance of the 
rings in February 1862, the earth being near E / , and Saturn 
near/ 7 . Saturn was at this time between quadrature preced- 
ing opposition and opposition. The shadow of the planet 
on the rings was foreshortened almost to disappearance, and 
only traceable from its effect in taking off half the breadth of 
the fine and broken line presented by the ring. 

In the other four quarters of Saturn's orbit, the shadows 
of the ring and planet present corresponding changes of 
appearance and position. 2 

1 As the visible part of the shadow of the rings at such a time is plainly the 
shadow of the dark ring, it will appear probable, from the results of Chapter V., 
that the shadow is not so dark as in the former case, where the shadow is that of 
the outer bright ring. It would be very difficult to detect the difference, however, 
even with the most powerful telescopes. 

* In Brewster's edition of • Ferguson's Astronomy,' a table is given for the 
determining the proportion of the minor to the major axes of the ellipses presented 
by the outlines of the rings to the observer on earth. As this table has been 
■calculated on the supposition that the plane of the rings is inclined at an angle of 
31 24' to the plane of Saturn's orbit, whereas the true inclination is only 26 
49' 28" ; and as, further, the correction for Saturn's geocentric latitude is 
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The manner in which Saturn's rings move round the sun, 
their plane remaining always parallel to a fixed plane — or, as 
it is sometimes expressed, remaining always parallel to itself — 
may be conveniently illustrated by means of a parallel ruler. 
To one of the movable rods of such an instrument let a ring 
of paper be fixed so that its plane is inclined at an angle of 
about 27 to the face of the rod ; then (the other rod being 
held fixed) let the instrument be opened to its full extent, and 
closed again by carrying on the rod which bears the ring ; 
then the ring will move through nearly a semicircle (a point 
near the centre of which will represent the sun in the same 
way that Saturn's ring moves about the sun). The same 
motion may be more completely illustrated by such an 
instrument as that represented in fig. 4, Plate VIII. If the 
handle H be turned uniformly in the direction indicated by 
the arrow, the two endless screws s and s' will communicate 
equal and uniform motions of rotation to the toothed wheels 
w and W ; thus the extremities of the rigid curved bars B and 
b' will move uniformly and at equal rates round the circum- 
ferences of equal circles, bearing the bent wire w «/ v/' with 
a uniform crank-like motion. If this wire bear a ball s, circled 

wrongly given, the table is not very valuable. In the * Nautical Almanac ' the 
elements for determining the appearance of the ring are given, at intervals of 
twenty days. The young student using the * Nautical Almanac ' for this purpose 
would do well to examine carefully the formulae for determining these ele- 
ments. 

I may notice here a slight error in Hind's valuable ' Introduction to Astronomy.' 
In describing the appearance of Saturn's rings when open to their greatest extent, 
he writes, ' The earth is then elevated 28 above the plane of the rings, and as 
that is the amount of inclination between the plane and the ecliptic, we view the 
ring as much open ai it will ever be.' The earth, however, can never be 
elevated so much as 28 above the plane of the ring ; it is clear that the angle of 
elevation depends mainly on the inclination of the plane of the rings — not to the 
ecliptic, but to the plane of Saturn's orbit. The inclination of the ecliptic to the 
plane of Saturn's orbit has an effect in slightly altering the angle of inclination, 
but not to the extent implied in the sentence quoted. The earth's orbit is so 
small compared with Saturn's, that, even if the plane of the ecliptic were inclined 
at an angle of oo° cither to the plane of Saturn's orbit, or to the plane of the 
ring, these would never appear much more open than they do under the present 
arrangement. 
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about by a ring r r', to represent respectively Saturn's globe 
and ring, and a spirit lamp L be placed, as shown in the figure, 
to represent the sun, then the motion of the wire will bear this 
miniature system about the lamp in a manner that will illus- 
trate more clearly than any verbal description the motion of 
Saturn's system about the sun. 1 If all extraneous light be ex- 
cluded, the instrument will illustrate the motion of the shadow 
of the rings on Saturn's globe, and the motion of the shadow 
of the globe on the rings. These phenomena are described 
in Chapter VI. 

The changes in the appearance of Saturn's belts in the 
course of a complete revolution about the sun correspond 
with the changes in the outlines of the rings. Since Saturn's 
equator is approximately concentric with the rings, and in 
the same plane, it would always appear (if it were actually a 
visible line traced on the surface of the planet) as part of an 
ellipse similar to and concentric with the outlines of the ring. 
Thus when the edge of the ring is turned to the observer on 
earth, the equator is coincident with the line presented by 
the ring. When the northern surface of the ring is visible, 
the equator appears as the half of an ellipse having its con- 
vexity turned southwards ; and when the southern surface of 
the ring is visible, the convexity of the corresponding semi- 
ellipse presented by the equator is turned northwards. If 
the Saturnian latitude-parallels were actually lines on the 
surface of the planet, it is clear that they would appear as 
parts of ellipses similar to, but not concentric with, the 
ellipses presented by the outlines of the rings. Half of the 
equator is always visible, but of the parallels of latitude more 
or less than half will be visible according to their position on 

1 It will be seen that the lamp is placed somewhat eccentrically, so as to 
correspond with the eccentricity of Saturn's orbit above the sun. The wire is 
bent at b and b' (at unequal distances from its extremities) that it may pass 
freely over the wick and flame of the lamp. The wire can be readily removed, 
and the instrument used to illustrate the motion of the earth or of any other 
planet about the sun. The ball s may be made of pith ; the ring r t' of card 
or paper. 
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Saturn's globe, and the variations (according to Saturn's 
position in his orbit) in the forms of the ellipses of which 
they form part Thus, when the convexities of these 
ellipses are turned southwards, parallels on the northern 
half of Saturn's globe are visible through more than half 
their circumferences, the visible portion of each increasing 
northwards, until of parallels near the north pole the whole 
circumferences are visible ; but of parallels on the southern 
half of Saturn's globe less than the halves will be visible, the 
visible portion of each diminishing southwards, until of 
parallels near the south pole, the whole circumferences are 
invisible : x these relations are reversed when the convexities 
of the ellipses are turned northwards. Thus the Saturnian 
belts, whose outlines correspond as to their general contour 
with parallels of latitude on Saturn's globe, are presented 
with their convexities turned towards the concavities of the 
rings' outlines; and of the belts on the half of the disc 
farthest from the rings a greater part is visible than of the 
belts on the other half of the disc. 

It is clear that when the edge of the ring is turned to us 
(and therefore the equator of the ring presented as a straight 
line), each of the poles of Saturn's globe lies on the edge of 
his disc. When the northern side of the ring is turned 
towards us, the north pole becomes visible within the edge 
of the disc, the south pole disappearing behind the disc ; and 
when the southern side of the ring is turned towards us the 
south pole becomes visible, and the north pole disappears. 
To an observer placed at the centre of the sun, these changes 
would take place in a uniform and continuous manner, just 
as the opening and closing of the rings have been shown to 
do. 2 The north pole would appear to leave the edge of the 

1 Where the ring crosses the planet's disc, parts of parallels will of course be 
invisible; this effect is considered in Chapter VI. 

* These changes of appearance, and therefore the changes of the planet's 
seasons which depend on them, may be illustrated as follows : — Let P E p 7 e', fig. 
3, Plate VIII., represent an oblate spheroid of crystal, or any transparent sub- 
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disc as the northern face of the rings began to appear, to 
travel farther and farther from the edge as the rings became 

stance, pop' being the axis, o the centre ; and suppose the spheroid to move in 
a circular orbit in the direction jo/, its axis pop* retaining its direction un- 
changed throughout the motion. Then to an eye placed at the centre of motion, 
and referring the motions of -the different parts of the spheroid to the disc pre- 
sented by it, the points P and p' will appear to move backwards and forwards 
along two equal lines, PC/ and p'c'/', both parallel to so J ; not uniformly, but 
according to a simple law. Thus : — draw c o c' through o, at right angles to s /, 
to meet p/ and p'/' in c and c' ; and with centre c draw the circle P D/ (the 
lower semicircle is omitted in the figure to avoid confusion) ; then if p c D be taken 
to equal the angle that (at the time considered) has been swept out by the spheroid 
about the centre of motion, from the position represented in the figure, and D</be 
drawn perpendicular to p/, d will be the apparent position of the pole p at that 
time, and the line dod through o will meet/' p' in tf t the apparent position 
of the other pole r' ; so that do d' is the apparent position of the axis at that 
time. Again, the outline presented by the spheroid will throughout the 
motion appear to touch two lines, YAVand^ay, parallel to and equidistant 
from so?. Thus the eccentricity of the disc's outline will appear con- 
tinually to diminish as the pole moves to c, thence to increase as the pole 
moves to /, and to go through similar changes as the pole returns to p. The 
point o (referred to the disc's outline) remains fixed throughout. [In reality, 
of course, the motions of the points p and p* (referred to the spheroid) are not in 
straight lines but circles, the motions of the axis pop* (referred to the spheroid) 
carrying that line over the surface of a double cone, whose semi-vertical angle 
is c o P. While the pole P is moving from p to/ it is seen through the spheroid, 
and p' is on the nearer hemispheroid ; in the following half-revolution these con- 
ditions are reversed.] Again, let circles having p, and p 7 as their poles (that is, 
latitude circles) be traced on the surface of the spheroid. For instance, let 
circles A a', a a' corresponding to arctic circles (determined by the points a', et in 
which y Y* and yy tangents parallel to jo/, meet the ellipse pep^, be so 
traced ; and again, 1st circles T T* and / f corresponding to the tropics (determined 
by the points T, f 9 in which zz' and Z2f tangents perpendicular to jo J meet the 
ellipse p E p'e') be so traced ; and, lastly, a circle E e' corresponding to the 
equator of the spheroid. Then these circles, which, in the position of the spheroid 
represented by the figure, appear as straight lines, will in other positions of the 
spheroid appear as ellipses, always touching the outline of the spheroid's disc, one 
part of each such ellipse (up to the points of contact with the disc) being seen 
through the spheroid, the other upon the nearer hemispheroid ; the centres K, l, 
l' and k' will appear to move backwards and forwards along the lines Kk t L /, 
l7 ' and K'tf (just as the points p and p* move along p/ and p'/', so that when 
these two poles are respectively at d and d\ the four centres above-named will 
be found respectively at e, f, /' and /) ; and, lastly, if lines parallel to s o / be 
drawn through the points A, T', e', f, t, e, /, and a' t the ellipse into which the 
circle a a' is projected will throughout appear to touch the line Y y / and the 
parallel through A, the corresponding ellipse of the circle T t' will appear to 
touch the parallels through T and T 7 , and so the ellipse corresponding to each of 
the circles will appear continually to touch the two parallel lines corresponding to 
it. From the last property it is clearly seen that the ellipses corresponding to the 
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more and more open, and afterwards, as the rings closed, to 
approach the edge in the same continuous manner — the 
southern pole being throughout invisible. Then, as the 
southern side of the rings became visible the southern pole 
would appear, first on, and then within, the edge of the disc 
{the northern pole disappearing), and would make a similar 
advance and retreat The ellipses that would be presented 
by the parallels of latitude on Saturn's disc, if these were 
visibly traced on his surface, would open and close in the 
same continuous manner. But to the observer on earth the 
pdles would not appear to advance and retire continuously. 
Just as we have seen that, although viewed from the earth, 
the rings, in any complete synodical revolution, have been 
opening or closing, yet for an interval in each synodical 
revolution appear to reverse those movements, so the poles, 

circles a a' and a<£ % always meet the outline of the spheroid's disc at the same 
points, respectively, as the lines Y y' and^y. 

The figures of Plate XII. illustrate some of these properties ; they indicate 

(among other matters) the changes of Saturn's appearance during one quarter 

•of a revolution about the sun, and as seen by a spectator supposed to be placed 

at the sun's centre. Only the visible parts of the ellipses are introduced in these 

figures. 

Fig. 2, Plate IX., represents the autumn (1.) winter (11.) spring (in.), and 
summer (iv.) phases for the northern (supposed the upper) hemisphere of a 
planet ; or the spring, summer, autumn, and winter phases, respectively, for the 
southern hemisphere. They are placed in order, from right to left, that being 
the direction in which a planet would appear to move to an observer placed at the 
-sun's centre. 

All the propositions contained in the first paragraph of this note may be very 
-easily proved. For instance, to show that the ellipse presented by a latitude 
parallel would always appear to touch two lines parallel to so/, and drawn at 
fixed distances from o :— Since the spheroid's axis moves parallel to itself, the 
plane of each latitude-circle is carried parallel to itself, the centre moving parallel 
to the plane in which the centre of the spheroid moves ; thus each latitude-circle 
may be conceived as sliding between two fixed planes, parallel to each other and 
to the plane of motion of the spheroid's centre ; these planes meet the apparent 
•disc of the spheroid (wherever it may be) in two parallel lines at fixed distances 
from the centre of the disc, and the circle touching those planes must therefore 
be projected into an ellipse touching those lines. And with similar simplicity 
the other propositions may be proved. They will appear identical propositions to 
the mathematician. It must be remarked that the distance of the spheroid from 
the observer is supposed to be very great compared with the dimensions of the 
spheroid. 

I 
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while on the whole they present themselves within the disc 
of the planet with alternations corresponding to the Saturnian 
year, yet have another set of movements corresponding to 
our own year. Thus at times they appear to advance from 
or retire towards the edge of the disc more rapidly than they 
would if the earth were the centre of Saturn's motion ; at 
others they reverse their movements for intervals of several 
months, so that the advance or retreat (on the whole) of 
either pole takes place in an oscillatory manner. The belts 
on Saturn's surface appear to the observer on earth to 
open and close precisely as the rings have been shown to 
do. 

Owing to the immensity of Saturn's orbit compared with 
the orbit of the earth, he never presents a gibbous appearance. 
It will be obvious from an inspection of fig. 3, Plate VI., that in 
the case of Mars (the only superior planet that ever presents a 
gibbous appearance), the orbits of the earth and planet are so 
related that the line of sight from the earth to Mars may be 
inclined at a large angle to the line from the sun to Mars, 1 and 
thus Mars may present to the observer on earth a considerable 
portion of his darkened hemisphere ; when this is the case he 
appears gibbous. The corresponding angle, however, in the 
case of Saturn, is always small ; it obviously attains its 
greatest value for each synodical revolution when Saturn is 
in quadrature, and for different synodical revolutions such 
maximum value will vary with Saturn's distance from 
perihelion ; but even when Saturn is in perihelion at the 
moment of quadrature this angle is less than 6° 23'. At 
such a time a portion of Saturn's darkened hemisphere is 
actually turned to the observer on earth, and a portion very 

1 This angle may be as great as 46 45' if Mars is near perihelion at the time 
of either quadrature. In this case the breadth of the dark part of his disc (that 
is, the greatest width of the lune-shaped invisible portion of the disc) is about 
^ths of the diameter of the disc. In November i860, Mars presented this 
appearance, having passed his perihelion on September 1 6th, 1860, and being 
in quadrature following opposition on November 23rd. 
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considerable so far as absolute extent of surface is concerned :* 
yet the alteration in the figure of Saturn's disc is altogether 
inappreciable, even on applying the most exact micrometrical 
measurement That diameter which is most affected (that is, 
the diameter through the widest part of the darkened lune)* 
is not diminished by -j^th part of its length. Now this 
diameter subtends an angle of about 17" when Saturn is in 
quadrature; thus the amount by which it is diminished 
corresponds to an angle of little more than ^th of a second. 
Since the seven interior satellites of Saturn move in orbits 
very nearly concentric with the rings, and in the rings' plane, 
it is clear that if those orbits were visible throughout their 
extent, they would appear as rings of light very nearly 
concentric with the rings, and similar to them in shape. 
These orbits would therefore appear to an observer at the 
sun's centre to open and close uniformly, while to the 
observer on earth they would appear to open and close in 
an oscillatory manner. And though the plane of the outer 
satellite is inclined to the plane of Saturn's orbit at a 
different angle than the ring's plane, and has its line of nodes 
in a different direction, yet the changes in the appearance of 
this orbit (supposed visible throughout its extent) would be 
similar to those of the other orbits. The investigation of the 
changes in the appearance of the rings, which is directly 
applicable to the orbits of the seven inner satellites, is 
applicable, mutatis mutandis, to the orbit of the outer. 
Like the ring this orbit opens out to the observer on earth 
in an oscillatory manner ; but the extent to which it opens is 
different, and it does not attain its maximum opening in each 
successive synodical revolution, or its absolute maximum open- 
ing in each semi-sidereal revolution, at the same time as the ring. 
Owing to the inclination of the planes of the eight orbits 
to the plane of Saturn's motion, eclipses, occultations, and 

1 The extent of the darkened part thus turned towards us is considerably 
greater than the whole surface of our earth. 

1 2 



n6 SATURN AND ITS SYSTEM. 

transits are less frequent among the Saturnian satellites than 
among those of Jupiter. The latter revolve very nearly in 
the plane of Jupiter's orbit, and therefore always appear to 
lie very nearly in a straight line through the centre of 
Jupiter's disc : thus they are occulted, eclipsed, and transit 
his disc at nearly every revolution. On the other hand, 
Saturn's satellites move in orbits which, if visible throughout 
their extent, would in general appear as ellipses, whether 
viewed from the centre of the sun or from the earth : it is 
only when such ellipses, viewed from the sun's centre, would 
be partly hidden by Saturn's disc, that eclipses of the corre- 
sponding satellites can take place ; and only when such ellipses, 
viewed from the earth would be partly hidden, that occultations 
or transits of the corresponding satellites can take place. Now 
the mean distance from Saturn's centre at which the outer satel- 
lite revolves is no less than 2,208,720 miles, and on the scale of 
the figures in Plate I. this distance would be represented by a 
line more than five feet long ; thus, if the orbit of this satel- 
lite were visible throughout its extent, it would appear as an 
ellipse whose major axis would be ten feet long ; and it is 
clear that a very small elevation of the point of view above 
the plane of the orbit would make the minor axis of such 
an ellipse greater than the apparent diameter of Saturn's 
disc. 1 Hence it is only when the plane of the orbit passes 
through, or very near the sun, that this satellite can be 
eclipsed ; and only when that plane passes through or very 
near the earth, that an occupation or transit can occur. 
Further, as the period of this satellite is no less than seventy- 
nine days, and as it is only for a brief interval in each revo- 
lution that the satellite is near Saturn's disc, the chance of 
an eclipse, occultation, or transit occurring is still further 
diminished. Saturn may pass the points of his orbit at 
which these phenomena are possible while the satellite is 

1 If the line of sight were inclined 58' to the plane of the orbit, the minor 
axis of the ellipse would exceed Saturn's apparent diameter. 
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near its easterly or westerly elongation, and fourteen years must 
then elapse before Saturn is again so situated that an eclipse, 
occupation, or transit is possible. Thus these phenomena 
occur very seldom, and as they may take place by daylight or 
in weather unfavourable for observation, centuries may elapse 
before any one of them is actually visible from the earth. 

Similar remarks apply with nearly equal force to Titan 
and Hyperion. The latter satellite is hardly ever visible 
owing to its minuteness. Eclipses, occultations, and transits 
of Titan, though uncommon, happen occasionally. 1 As 
already mentioned, an eclipse of Titan, and also the transit of 
his shadow across Saturn's disc, were observed by Mr. Dawes 
in the years 1 861-1862, when the plane of the ring (which is, 
to the sense, the plane of Titan's orbit) passed very near both 
to the sun and the earth. Eclipses, transits, or occultations of 
Titan are only possible when the plane of his orbit about 
Saturn is so situated. 

Eclipses of the remaining satellites are not uncommon 
occurrences. They increase in frequency as the distances, 
and consequently the periods, diminish. The two inner 
satellites very frequently transit Saturn's disc, and are as 
frequently eclipsed or occulted. These phenomena are not 
very often observed, however, the satellites themselves being 
so difficult to detect 

m 

The eclipses of Saturn's satellites may be considered in 
another manner. Since the sun's diameter is 854,928 miles, 
Saturn's mean distance from the sun 874,321,000 miles, and 
his mean diameter 68,965 miles, it may easily be calculated 
that the cone 2 of total shadow cast by Saturn extends to a 

1 The mean distance of Titan from Saturn's centre is 759,990 miles. On the 
scale of Plate I., Titan's orbit (if it were visible throughout its extent) would 
appear as an ellipse having a major axis 3J feet long ; and if the line of sight 
were inclined to the plane of Titan's orbit in an angle of about 3 1 1', this ellipse 
would be altogether clear of Saturn's disc. 

* Since neither Saturn nor the sun is perfectly spherical, the space beyond 
Saturn which (neglecting the refraction of Saturn's atmosphere) receives no 
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mean distance of about 76,718,000 miles. The axis of this 
cone is not in general coincident with the orbit-planes of 
Saturn's satellites, but passes on one side or the other of those 
planes. The intersection of each orbit-plane with the conical 
surface of the shadow is therefore an ellipse, — that part of 
each such ellipse*which lies beyond Saturn being in darkness. 
If the orbit corresponding to any such ellipse (that is, the 
orbit whose plane meets the surface in such ellipse) lies with- 
out the darkened part of the ellipse, the satellite cannot be 
eclipsed ; but so long as the orbit falls within the ellipse, 
the satellite is eclipsed at each revolution. The planes of the 
seven inner satellites are (to the sense) coincident with the 
plane of the ring, and parts of the darkened portions of the 
ellipses in which the plane of the ring intersects the conical 
shadow of the planet are represented in the eight figures of 
Plate XI L These figures correspond to Saturn's positions at 
eight different periods : — thus, fig. 1 corresponds to Saturn's 
position when the plane of the ring passes through the sun ; 
.fig. 8 corresponds to his position one quarter of a Saturnian 
year later, or when the sun is at its greatest possible elevation 
above the plane of the ring; the six intermediate figures 
correspond to his position at six intermediate epochs separated 
by equal intervals of time. 1 If these ellipses were completed, 
and the orbits of the seven inner satellites traced at their 
proper distances from Saturn's centre on the scale of the 
figure, it would be found that the orbits of all the seven satel- 
lites intersect the shadow in fig. 1 (which extends indeed 
more than eighty times as far as the orbit of Hyperion) ; the 
orbits of the four inner satellites intersect the ellipse of fig. 2, 
the orbit of the fifth just passing clear of it ; the orbits of the 
first two satellites (Mimas and Enceladus) intersect the ellipse 

light from the sun, is not a cone, but is bounded by a surface of a less simple 
form. 

1 Each interval is therefore about a seventh part of the quarter of a Saturnian 
year, or about 384 days. 
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of fig. 3, the orbit of Dione being not very far beyond it ; the 
orbit of Mimas alone intersects the ellipse of fig. 4 ; and all 
the orbits lie beyond the ellipses of the remaining figures. As 
about 384 days elapse before the ellipse changes from the 
form shown in any of the figures to that shown in the follow- 
ing figure, it appears that for about a year after the passage of 
the plane of the ring through the sun's centre, the fifth satel- 
lite is eclipsed at each revolution ; the same must have 
happened for a similar time before the plane of the ring 
reached the sun's centre : — thus, twice in every Saturnian 
year the fifth satellite is eclipsed at each revolution (that is, 
-every 4^ days), during an interval of about two of our years. 
The corresponding intervals increase as we proceed succes- 
sively to the fourth, third, second, and first satellites. In the 
case of Mimas each such interval contains about seven years. 

Amongst the numerous eclipses of the different satellites 
in the course of a Saturnian year, several must be partial, the 
satellite merely grazing the shadow of the planet Such 
phenomena, however, would hardly be detected by the 
observer on earth, even in the case of Titan, still less in the 
case of the smaller satellites. 

The eclipses of the outer satellite might be treated in a 
similar manner, replacing the plane of the ring by the orbit- 
plane of that satellite. It would be found that the satellite 
would pass through the shadow only for a few days before 
and after the passage of the orbit-plane through the sun's 
centre. 

Occultations of the satellites by the ring, and transits of 
the satellites across the rings can happen, in the case of the 
seven interior satellites, only when the plane of the ring passes 
very nearly through the earth. At this time, as already men- 
tioned, the satellites may be detected travelling, ' like golden 
beads on a wire,' along the line of the ring ; they are there- 
fore either partially occulted by the ring or transiting it 
When the plane of the ring passes through the sun the satel- 
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lites would present the same appearance to an observer in the 
sun, and therefore [must, at certain parts of their orbits, be 
partially eclipsed by the ring, or partially eclipse the ring's, 
edge. Such partial eclipses would not be easily detected,* 
however, by the observer on earth. The outer satellite, whose 
orbit is inclined to the plane of the ring, may be eclipsed or 
occulted by, or transit, the ring : these phenomena, however, 
must be more rare even than the eclipses and occultations of 
this satellite by the planet 
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CHAPTER V. 

NATURE OF THE RINGS. 

If we consider the vast size and singular conformation of the 
S&turnian rings — appendages altogether unique in the solar 
system, and, so far as is known, in the universe itself — it will 
not appear surprising that they should have been the subject 
of many speculations and hypotheses ; or that the most wild 
and fanciful ideas should from time to time have been broached 
concerning them. Thus, Maupertuis considered that the tail 
of a comet passing near Saturn had been attracted from its 
course by the planet's mass, and has since continued to circle 
as a ring around him. It is singular that Buffon, who had 
himself conceived the fanciful theory that planets are portions 
of the sun's mass which have been struck off by passing 
comets, refused to accept Maupertuis' hypotheses of the 
cometary nature of Saturn's ring-system. One would have 
thought that in such a view he would have found a confirma- 
tion of his favourite theory. He might have argued, that, as 
it will happen that a strong wrestler, overbearing his foe, may 
yet be forced to follow him in his fall, so the comet that had 
dashed from the sun's globe the mighty mass of Saturn, and 
carried it on through space to so vast a distance from the 
parent orb, was unable to free itself from its massive burden,, 
and gradually cooling, formed the vast ring that still circles 
about Saturn. Such an explanation is altogether unphilo- 
sophical, it is true, but not more so than the theory on which 
it is founded. The explanation actually offered by Buffon 
was different, however. He considered that Saturn's equator 
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originally extended as far as the outer edge of the ring, and 
that the equatorial regions have been thrown off by centri- 
fugal force, the rest of the planet gradually contracting to its 
present dimensions. Mairan supposed that the rings are the 
remains of outer shells about Saturn, broken up by some vast 
convulsion. 1 

Until very lately, whatever explanations might be offered 
as to the first formation and original state of the rings, the 
opinion that the system is at present solid and continuous 
was universally accepted. Such an opinion seems, at first 
sight, to be countenanced by the continuous appearance of 
the rings, and their general permanence of form. On closer 
examination, however, it will be found that the most serious 
difficulties attend the supposition of the solidity of the 
system. 

In the first place, it has been shown in Chapter III. that 
the rings frequently exhibit traces of division, but that such 
traces are not permanent, sometimes varying in position, at 
others disappearing altogether. It is not easy to explain 
these changes on the supposition that the rings are solid. 
The approach of two rings, originally concentric, might, it is 
true, remove all trace of division at the point of approach, or 
in its immediate neighbourhood ; but a wider gap would thus 
be left at the opposite part of the division's circumference, 
and the trace of division thus disclosed would be at once 
recognised as forming part of the division first seen, — that is, 
as belonging to a particular circle concentric with the great 
division :— on the contrary, the traces of division seen at 
different times belong to distinct circles. It is still more 
difficult to explain the appearance of non-permanent mottled 
or dusky stripes concentric with the rings, on the supposition 
of the solidity of the system. A division between the rings, 

1 The theory that the earth itself is composed of several crusts liable to 
separate destruction was maintained by several distinguished astronomers of the 
eighteenth century ; and, earlier, by Kepler. 
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whether permanent or not, allowing the dark sky beyond to 
be seen, should appear perfectly black like the great division ; 
50 that mottled or dusky stripes would seem to indicate only 
semi-transparency in those parts of the rings along which they 
are traceable. If we accepted such an explanation, we should 
have to account for the following mysterious conditions in 
Saturn's ring system: — In solid flat rings non-permanent 
concentric divisions open at different times along different 
circles, while variable concentric bands become at different 
times semi-transparent ; again, — the divisions close, and the 
transparent bands resume their opaqueness, after variable 
intervals. 

It may be urged, however, that these lines are not neces- 
sarily traces of division ; that ranges of hills upon the rings 
would throw black shadows, while rough districts would 
appear mottled or dusky, like the stripes seen by Mr. Dawes. 
Yet how inexplicable in either case that such irregularities 
should lie always in circular arcs concentric with the rings ! 
And to what cause should the non-permanence of these 
irregularities be ascribed ? Why should they disappear along 
one circle to be thrown up presently along another ? 

The presence of an atmosphere bearing clouds over the 
surface of the rings, and thus concealing the traces of division, 
may appear, at first sight, a plausible explanation of the 
phenomena we are considering. But the disposition of such 
an atmosphere necessary to produce the observed effects 
would be so artificial that, on this account alone, we might 
well be permitted to reject the supposition ; and further, the 
cloudy regions imagined should at least, one would suppose, 
be as distinctly visible as the zones on Saturn's disc ; indeed, 
lying over a flat surface, their outlines would probably be 
more distinct than those of Saturn's belts. But, except the 
permanent difference of tint observed in the two rings, the 
telescope has revealed no appearances that could be attributed 
to the existence of an atmosphere surrounding the rings ; and 



i2 4 SATURN AND ITS SYSTEM. 

even if that difference of tint be assigned to atmospheric 
causes, yet, being permanent, it does not avail to explain the 
variations we are examining. It might, indeed, be urged that 
the mottled lines on the rings indicate the presence of an 
atmosphere ; that they are either clouds or breaks in the 
cloudy envelope of the rings ; or, perhaps, the shadows of 
clouds themselves invisible. Their appearance is not favour- 
able, however, to these suppositions ; nor are such long 
narrow circular arcs the forms into which we should expect 
cloud-bands to arrange themselves, or the openings in clouds 
to appear, under the conditions to which the surface of the 
system is subject. A uniform distribution of light and heat 
must prevail over the whole of that surface except where the 
vast shadow of the planet actually falls, or has lately passed, 
and the disturbing effects of this shadow (see Plate XII.)' 
must operate across the breadth, or a great part of the breadth,, 
of the rings, not along narrow arcs concentric with their edges. 
The argument against the solidity of the rings drawn from 
the varying traces of divisions in the system appears, then, to 
be little if at all impaired by the assumption that the rings 
are surrounded by a varying atmospheric envelope. Such an 
explanation is altogether inapplicable to the objections we 
have next to consider. 

We have seen that one of our most accurate observers has 
seen traces of division in the dark ring, which also appears at 
times to be separated from the inner circumference of the 
neighbouring bright ring by gaps of considerable length. 
These appearances may be passed over, or simply viewed as- 
confirmations of the argument drawn from similar non-per- 
manent traces in the bright rings ; but there are phenomena 
connected with the dark ring which appear altogether inex- 
plicable on the supposition that this formation is solid. In 
the first place, there is the singular circumstance already 
recorded that this ring was not visible seventy years ago- 
through one of the most powerful telescopes ever constructed p 
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-whereas since its discovery it has become gradually more and 
more conspicuous, until in 1856 it was visible in telescopes of 
very moderate power. Secondly, as already stated, this ring 
is transparent, and the edge of the planet's disc seen through 
it is not distorted. If the substance of the ring were a trans- 
parent solid (or even fluid) possessing properties similar to 
those of all transparent substances, solid or fluid, with .which 
we are acquainted on earth, the edge of Saturn's disc seen 
through it would be distorted by the refraction of light passing 
through such a medium. Too much stress, however, must 
not be placed on this argument ; for if the plane faces erf the 
dark ring are parallel the distortion would be very small (its 
amount depending on the thickness of the ring) and probably 
not traceable even with the most powerful telescopes yet con- 
structed. The great, and I think unanswerable, arguments 
against the solidity of Saturn's dark rings, are drawn from the 
facts, that so vast a formation should be transparent, that its 
transparency should once have been such that it was mistaken 
for a belt on the body of the planet, and finally that it should 
be continually growing more and more opaque, so that it 
becomes more clearly visible every year. 

Let us next consider the dimensions of the rings. Wc 
have seen that the thickness of the system is very small 
compared with its other dimensions. A small ring of iron 
constructed on the scale of one of the rings, or even a ring of 
iron whose width should be proportioned to that of the 
complete system of rings, would be a flimsy body, easily bent 
or broken. But in considering the strength of bodies con- 
structed of any substance, it is not sufficient that we should 
know their proportions, we must know also the scale on which 
they are constructed. Thus, if an engineer, who proposed to 
erect a bridge of iron of given length and to support a given 
weight, should construct a model a few inches long of the 
same kind of iron, and should determine the proportions of 
the bridge itself from the proportions he found necessary to 
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support a proportionate weight in the model, he would pro* 
bably erect a bridge hardly strong enough to support its own 
weight. The larger the scale on which a model in iron of the 
rings of Saturn should be constructed, the flimsier (in propor- 
tion to its size) it would become. If, then, it were possible to 
imagine a ring of iron constructed of the same dimensions as 
the Saturnian system of rings, it would be utterly unfit to 
bear the immense strains to which, as we shall see, these rings 
are subjected. If, further, we imagine such a ring divided 
into numerous concentric rings, the system thus formed would 
be stfll less fit to bear strain or pressure. But this is not all. 
We have arrived at the conclusion that the rings are about 
ioo miles thick, from the supposition that the mean density 
of the substance of which they are composed is equal to the 
mean density of Saturn's mass, or 7S. 1 Now the density of 
forged iron is about 77, or more than ten times as great as 
Saturn's mean density ; and it is not probable that any 
substance (unknown on earth) could have the same strength 
and tenacity as iron with a much smaller density — say with a 
density less than 375, or five times that of Saturn. If we 
assume the mean density of Saturn's rings to be 375, then, 
instead of arriving at the conclusion that the thickness of the 
system is 100 miles, we deduce a thickness of only 20 miles. 
With such a thickness a model of the rings on the scale of 
Plate I. would be thinner than tissue-paper. Undoubtedly a 
solid iron system of such proportions, and of such vast 
absolute dimensions, 'would be not only plastic, but semi- 
fluid, under the forces it would experience.' a 

The change that has taken place in the dimensions of the 
rings during the last two hundred years affords a still stronger 
argument against the solidity of the system. We have seen 
that the measurement of the width of the ring given by 

1 The density of water being as 1. 

* ' Essay on the Stability of the Motion of Saturn's Rings,' by J. Clerk 
Maxwell, M.A. 
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Huygens or Pound differs considerably from that given by 
Herschel, and that again from the results of the most trust- 
worthy modern measurements. We cannot, perhaps, place 
much reliance on the absolute dimensions of the ring or 
planet determined by the earlier observers. Owing to the 
immense distance of Saturn from the earth, the determination 
of these dimensions is a task of great difficulty even to 
observers using the wonderfully delicate instruments of the 
present day. Far more reliance, however, can be placed on 
proportional measurements, and only such measurements are 
involved in the question ; unless we suppose — which- will 
hardly be considered probable — that the dimensions of 
Saturn's globe have undergone alteration during the interval 
we are considering. All the measurements that have been 
taken of the rings, from the time of their first discovery, to the 
present day, have been carefully revised and examined by M, 
Otto Struve. He not only considered the result obtained in 
each case, but the method of measurement applied, the nature 
and quality of the instrument used, and the skill and general 
trustworthiness of the observer. He arrived at the following 
conclusions : — The width of the system of bright rings is in- 
creasing, gradually but continuously, by the approach of its 
inner edge towards Saturn's equator ; both the rings have 
partaken in this change, but the inner ring has increased in 
width more rapidly than the outer. The dark ring, as already 
stated, has increased considerably in width during the com- 
paratively short period that has elapsed since its discovery. 

The increase in the width of the system of rings must, of 
course, have been accompanied by a corresponding decrease 
in thickness. Let us examine the extent of both these 
changes in Herschel's time and in our own. For simplicity, 
we may treat the system of bright rings as a single ring, and 
neglect all consideration of the dark ring. The outer dia- 
meter of the rings is 166,920 miles, the equatorial diameter of 
Saturn 72,250 miles. Now, the measurement of Huygens 
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made the width of the ring equal to the breadth of the space 
between the ring and planet, and the measurement of Pound 
made the width of the ring somewhat less. Taking the first 
measurement (as the least favourable to our case), it appears 
that the width of the ring was 23,667 miles in Huygens' time ; 
and it is easily calculated that the extent of either flat surface 
of the ring was upwards of 10,652,100,000 square miles : the 
outer dotted line in fig. 3, Plate IX., represents the inner edge 
of the bright ring at this epoch. Again, Herschel found that 
the width of the ring, in his day, bore to the breadth of the 
space between the ring and the planet's equator the propor- 
tion of 5 : 4 ; this gives to the ring a width of 26,297 niiles, 
and a surface of 11,617,500,000 square miles : the inner dotted 
line in fig. 3, Plate IX., represents the inner edge of the bright 
ring at this time. Lastly, the best modern measurements 
give to the ring a width of 28,300 miles, and therefore a sur- 
face of 12,324,300,000 square miles. Thus it appears that in 
the first interval of about 120 years, the absolute increase in 
the width of the rings was 2,630 miles ; and in the second 
interval of about 70 years, the rings increased in width 2,003 
miles. The average annual rate of increase in the first 
interval is nearly 22 miles, in the second nearly 29 miles, so 
that the rate of increase in the width of the ring would appear 
to be itself increasing. Further, it appears that the surface of 
the ring was greater, and therefore the thickness of the ring 
less, in Herschers time than in Huygens', in the proportion 
of 116,175 : 106,521 (or about 12 mi) ; and in our own time 
the surface of the ring had increased, and the thickness of the 
ring therefore diminished, in the proportion of 123,243 : 
116,175 (or about 35 : 33) as compared with those dimensions 
in Herschers time, and in the proportion of 123,243 : 106,521 
(or about 8 : 7) as compared with the corresponding dimen- 
sions in Huygens* time. Thus, if we assume the present mean 
thickness of the rings to be 100 miles, it appears that in 
Huygens* time the rings must have had a mean thickness of 
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1 14 miles, and have been narrower than at present by no less 
than 4,633 miles. It is hardly necessary to point out the 
♦difficulty of reconciling these changes of form with the suppo- 
sition that the formation is solid. 

Let us next discuss the results of more exact and syste- 
matic inquiries. 

The question whether a solid flat ring could remain in 
•equilibrium, under any circumstances, about a vast central orb 
like Saturn, attracting according to the law of gravity, was first 
•discussed by Laplace, towards the end of the last century. 
This celebrated mathematician established three important 
points, but contented himself with offering an hypothesis 
respecting the stability of the system. 

Laplace first proved that such a ring must rotate about 
the central globe. The enormous attractive force of an orb so 
vast as Saturn must in some way be counterbalanced. When 
a satellite revolves about a planet, the attraction between the 
planet and satellite is continually used up — so to speak — in 
•changing the direction of the satellite's motion. If that 
motion were suddenly checked, the satellite would approach 
the planet ; if the motion were stopped, the satellite would 
fall on the planet Now, every portion of the ring is subjected 
to the immense attractive force of Saturn's mass, and also to 
the attractive force (by no means insignificant) of the rest of 
the ring. The first force drags the ring towards the common 
•centre of the ring and planet. The second force has a dif- 
ferent effect ; it operates to drag the outer parts of the ring 
inwards, the inner parts outwards : the influence of this force 
would chiefly lie in its effect in weakening the ring, and thus 
rendering it more than ever unfit to resist the tremendous in- 
fluence of the first force. Thus, if the ring were not rotating it 
would inevitably give way under these forces, and crumbling 
up — like an arch beneath a load too great for its strength 
— would fall in ruins about the planet's equator. 

We are led immediately to Laplace's second conclusion. 

K 
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At what rate should the ring revolve ? That all strain should 
be removed, each particle of the ring should move as if it were 
a free satellite revolving about Saturn : the greater part of 
the strain would be removed if each particle of the ring 
revolved at the rate with which a satellite at the same distance 
from Saturn would revolve in a circle about him. It is clearly 
impossible that either kind of motion should be found in each 
particle of a solid flat ring ; if the outer parts of such a ringf 
had the rate of motion corresponding to the second case, the 
inner parts would be revolving too slowly, and be dragged 
inwards ; if, on the other hand, the inner parts had such a rate 
of motion, the outer parts would be revolving too fast, and be 
whirled outwards. It is clear that the supposition most 
favourable to the existence of the ring is, that it should 
revolve at the rate due to a satellite at the mean distance of 
the particles of the ring from Saturn's centre. But, even in 
this case, the outer parts of the ring have too great, the inner 
parts too small, a velocity. Thus, the outer parts, if not con- 
strained by the cohesion of the ring, would travel in a larger 
orbit than that in which they actually move ; while the inner 
parts would seek a smaller orbit. Now the cohesion of a flat 
ring, of the dimensions of Saturn's ring, would be altogether 
insufficient to resist these tendencies. The inner and outer 
rims of such a ring would be stripped off probably in irregular 
fragments, and proceed to describe eccentric orbits. Such 
effects are due to the width of the system ; the cohesion of a 
narrow ring would be sufficient to resist the comparatively small 
strains to which the parts of such a ring would be subjected. 
Hence Laplace concluded that Saturn's ring must be divided 
into several concentric rings. He calculated the rate of motion 
due to each part of such a system, and his conclusions were 
soon confirmed so far as the outer rim was concerned, by the 
observations of the elder Herschel. 

Laplace next proved that a perfectly uniform solid ring, 
of moderate width, might rotate for ever around a perfectly 
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uniform planet, if subjected to no disturbing influences ; but 
that if such a ring were once disturbed, however slightly, 
equilibrium would never afterwards be restored. The approach 
of one part of the ring towards the planet would cause a pre- # 
ponderance of attraction on that part of the ring ; thus it 
would continue to approach the planet with constantly in- 
creasing velocity, and would finally fall upon the planet's 
equator. Now, in the first place, Saturn's ring is subject to 
numerous disturbing influences : even if we suppose Saturn's 
globe and the ring itself free from irregularities (which, how- 
ever, is utterly incredible), yet the attractions of the satellites 
constantly varying in position, the attractions of the different 
members of the solar system, of the sun itself, of stars, of 
comets, — all these are disturbing influences, and any one of 
them would be sufficient to destroy the balance of the ring and 
effect its destruction. But, secondly, an eccentricity in 
Saturn's position with respect to the ring (due no doubt to 
the above-named causes) is not unfrequently palpable to 
observation. Since the destruction of the ring has not re- 
sulted, as must have happened if the ring were solid and 
uniform, it follows that the ring, if solid, is not uniform. I 
say the destruction of the ring, because it is clear that when 
once the ring had assumed an eccentric position, the proper 
rate of motion to prevent destruction would be different for 
different parts of the ring, and the actual motions of the ring 
(rotating, and falling towards the planet) could no longer give 
to each part its just rate of motion — some parts would be 
moving too fast, others not fast enough ; and, finally, when 
the eccentricity of the ring's position became sufficiently great, 
the ring would be broken into fragments — like an arch pressed 
beyond its strength, inwards at some points and outwards at 
others. 

Laplace lastly considered the case of a solid non-uniform 
rotating ring. He did not, however, subject this part of the 
question to the same searching mathematical inquiry that he 

K 2 
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had applied to the others. He contented himself by suggest- 
ing that the irregularity of such a ring, properly disposed, and 
combined with an eccentricity of position, might prevent the 
destruction of the ring. He considered that the breadth of 
any ring composing the system might vary in different parts 
of its circumference, so that the centre of gravity might be at 
a considerable distance from the centre of figure ; and that 
the centre of gravity of such a ring might revolve about 
Saturn somewhat in the manner of a satellite, and with a 
period equal to that of the ring. There was one obvious 
difficulty in the way of this supposition. Under the different 
disturbing influences to which the rings are subjected, they 
would be liable to leave the plane of Saturn's equator, the 
plane of each ring moving with a slow precessional movement 
about Saturn. Now this movement would be different for 
each ring, and thus the rings would no longer be found in one 
plane, and the system no longer present the appearance 
actually observed. Laplace considered, however, that if equi- 
librium could be secured to each ring of the system, the 
attraction of Saturn's bulging equatorial regions might be 
sufficient to overcome all such disturbing influences, and to 
compel all the rings to move in a single plane very nearly 
coincident with the plane of Saturn's equator. Thus it 
appeared to Laplace that the system of rings was probably 
composed in some such manner as that indicated in fig. 4, 
Plate IX., — the bounding outlines of each ring being neces- 
sarily circular, since otherwise the motion of the ring would 
be impeded by collisions with its neighbours. But he saw 
that it was not sufficient for the stability of the system that 
the bounding outlines of each ring should be non-concentric 
circles. Such an arrangement would leave the centre of 
gravity too near the centre of figure of the ring. 1 He con- 

1 With such an arrangement (the thickness and density of the ring being 
uniform throughout) the centre of gravity could never be so far from the centre 
of figure as half the radius of the outer boundary, whatever the proportion of the 
radii of the two boundaries, and whatever the distance between their centres. 
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ceived that the centre of gravity might be thrown to a suffi- 
cient distance from the centre of figure, either by variations 
in the density and thickness of the ring, or by irregularities on 
the surface. This view was confirmed by Herschel's determin- 
ation of the rotation of the outer ring. We have seen that 
he effected this determination by watching the motions of 
certain bright points which might be supposed to be irregu- 
larities upon the surface of the ring. 

The conclusion arrived at by Laplace was for more than 
half a century accepted by astronomers as the only possible 
interpretation of the stability of the Saturnian rings. Of the 
value of Laplace's investigations of this, as of so many other 
problems of difficulty, there can be no question ; yet the re- 
sult he arrived at is unsatisfactory. In the following observa- 
tion, Professor Nichol estimates Laplace's views at their just 
value : — ' Worthy of every admiration amidst a display of 
mechanical toys, such hypotheses rarely constitute essential 
parts of the vast and simple arrangements of nature.' 

The discovery of the dark ring roused new inquiries. In 
185 1, Professor Pierce, of America, examined the second 
point established by Laplace — the narrowness of the rings 
composing the system. He found that, if the rings are solid, 
the breadth of each must be much smaller than even Laplace 
had imagined, so that the number of rings must be considerable. 
The elements of confusion and insecurity that must exist 
under such an arrangement are self-evident 

On March 23, 1855, the University of Cambridge an- 
nounced that the stability of the motions of Saturn's rings 
had been chosen as the subject of the Adams Prize Essay ; 
and in 1857 the prize was adjudged to Mr. J. Clerk Maxwell. 
Taking up the question of a solid ring where it had been left 
by Laplace, Mr. Maxwell finally disposed of it He showed 
that the irregularity of each ring should be such as to bring the 
centre of gravity more than nine times as far from the lightest 
as from the heaviest side of the ring ; and that the eccentricity 
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of position of each ring must be such that a system composed of 
such rings would present an appearance altogether different 
from that of the actual system. He showed, further, that even 
with such an arrangement the slightest cause would be suffi- 
cient ' to destroy the nice adjustment of the load, and with it 
the stability of the ring.' We have also seen that a solid 
ring very eccentrically placed would be broken into frag- 
ments. 

We are compelled, then, finally to reject the idea that the 
system is solid. 

The appearance of continuity presented by the rings leads 
next to the supposition that they may be fluid. The hypo- 
thesis seems at first sight an inviting one. The variations in 
the form of the system, the temporary divisions in the bright 
rings, and the transparency of the dark ring, no longer appear 
to offer insuperable difficulties. Yet the notion of an isolated 
ocean of such vast dimensions, and poised in so artificial and 
apparently precarious a manner, is not one that would be 
readily accepted save as a resource against the still more 
serious objections to the solidity of the formation. And, 
further, if we accept some such view of the development of 
the solar system as that embodied in Laplace's Nebular 
Theory (and the arguments in favour of such an hypothesis 
appear irresistible), 1 we must place the formation of these 
rings in point of time between that of the satellite nearest to 
Saturn and that of the planet itself. As there is no reason 
for supposing either of these bodies to be otherwise than 
solid, we have at least a negative argument against the 
fluidity of the rings. But the strict examination, by Pro- 
fessor Pierce and Mr. Maxwell, of the stability of a system of 
continuous fluid rings, forces us to reject altogether the idea 
that the Saturnian rings form such a system. The various 
disturbing attractions to which the rings are exposed would 
inevitably lead to the formation of waves, under whose 

1 See Appendix I. , note B, Laplace's Nebular Theory. 
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influence . the fluid rings would be broken up into fluid 
satellites. 

We are compelled, then, finally to assume that the con- 
tinuous appearance of the rings is not due to real continuity 
of substance. The sole hypothesis remains that the rings are 
composed of flights of disconnected satellites, so small and 
so closely packed that, at the immense distance to which 
Saturn is removed, they appear to form a continuous mass. 

An d priori argument in favour of such a supposition 
may be drawn from analogous instances in the solar system. 
In the zone of asteroids we have an undoubted instance of a 
flight of disconnected bodies travelling in a ring about a 
central attracting mass. The existence of zones of 
meteorites travelling around the sun has long been 
accepted as the only probable explanation of the period- 
icity of meteoric showers. Again, the singular phenomenon 
called the zodiacal light is, in all probability, caused by a 
ring of minute cosmical bodies surrounding the sun. 1 In the 
Milky Way and in the ring-nebulae we have other illustra- 
tions of similar arrangements in nature, belonging, however, 
to orders immeasurably vaster than any within the solar 
system. 

Let us consider in what light the difficulties met with 
when we supposed the rings to be solid and continuous, 
appear on the hypothesis that the system is composed, of 
disconnected satellites. 

The temporary divisions and mottled stripes are easily 
-explained. It is conceivable, for instance, that the streams 
of satellites forming the rings might be temporarily separated 
along arcs of greater or less length by narrow strips altogether 

1 It has been suggested that the appearance of the zodiacal light in equatorial 
regions may be explained by supposing it to be a ring of minute satellites, sur- 
rounding the earth. The investigations in Chapter VI., which may be applied, 
mutatis mutandis, to a ring and globe of any dimensions, prove, however, that 
the zodiacal light cannot be due to such a cause, the appearance of the meteor in 
•high latitudes being altogether different from that which would be presented by a 
ring surrounding the earth. 
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clear of satellites, or in which satellites might be but sparsely^ 
distributed. Divisions of the former kind would appear as 
dark lines, while those of the latter kind would present 
precisely that mottled appearance seen in the dusky or 
ash-coloured stripes. The transparency of the dark inner 
ring 1 is easily understood if we consider the satellites to be 
sparsely scattered throughout that formation. The fact that 
this ring has only become visible of late years no longer 
presents an insuperable difficulty, for it is readily conceivable 
that the satellites forming the dark ring have originally be- 
longed to the inner bright ring, whence collisions or disturbing 
attractions have but lately propelled or drawn them. The 
gradual spreading out of the rings is explicable when the 
system is supposed to consist of satellites only connected by 
their mutual attractions ; while the thinness of the system 
is obviously a necessary consequence of such a formation, 
for the attraction of Saturn's bulging equatorial regions 
would compel each satellite to travel near the plane of 
Saturn's equator. 

Another remarkable phenomenon — the elliptical shading 
at the ends of the apparent longer axis of the dark ring- 
must next be considered. These appearances have been 
called the 'shadows projected on the ring.' It is perfectly 
clear, however, that they are not shadows ; for, in the first 
place, there are no luminous or light-reflecting bodies from 
which these parts of the rings are at any time concealed, 
while the brighter parts are illuminated ; and, secondly, the 
fact that they are always seen in the same apparent parts of 
the ring, though the direction of the line of sight from the 



1 Mr. Webb considers that the darkness of this ring, where it crosses the 
planet, is inconsistent with the scattered -satellite theory. For there would be the 
bright background of the planet to fill up the spaces not occupied by satellites. 
He overlooks the fact that the background would be in partial shadow, quite 
sufficiently darkened to account for the slight observed difference of brightness. 
Apart from which there are good reasons for believing that the satellites would 
be darker than the planet's disc. See Chapter VI. 
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. earth to Saturn is continually varying, shows conclusively 
that their appearance depends on the position of the observer 
on earth, whereas the motions of Saturn and of the ring are 
altogether independent of the earth's position in her orbit 
There is no difficulty, however, in explaining these appear- 
ances, even on the supposition of the solidity of the system. 
Such explanation will serve to introduce and render intelli- 
gible the corresponding explanation on the hypothesis we 
are actually examining. Consider the great division in the 
rings : it is perfectly clear that if the rings were indefinitely 
thin, this division would appear to be bounded by two exactly 
similar and concentric ellipses, and it would therefore appear 
broadest at the ends of its longer axis and narrowest at the 
ends of its shorter axis. But now suppose the rings to be of 
appreciable and uniform thickness — then it is clear that this 
circumstance will operate to make the division appear 
narrower at the ends of the shorter axis, while it will not 
affect the apparent breadth of the division at the ends of 
the longer axis. For at the ends of the shorter axis the 
apparent breadth will be the angle between two lines of 
sight, one passing over the upper edge of the nearer boundary 
of the division, the other passing under the lower edge of the 
farther boundary ; and it is clear that as the angle diminishes 
at which the ring is viewed, the apparent breadth of this part 
of the division would rapidly diminish, until at length the 
line passing over the upper edge of the nearer boundary 
would fall upon the opposite face of the division, so that the 
division would no longer be visible at this point. After this, 
as the angle at which the ring is viewed continued to 
diminish, the arc along which the division is invisible would 
gradually extend more and more towards the extremities of 
the longer axis of the apparent outline of the division ; but 
until the angle became very small it is clear that the apparent 
breadth of the division would be very little affected at the 
ends of the longer axis, for here the lines of sight to the 
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edges of the division would fall (approximately) along, and 
not across, the bounding faces of the division. Similar 
remarks apply to the division in the outer ring; but this 
division being so much narrower than the great division, 
would disappear much sooner at the ends of the shorter axis, 
as the ring closed, and the arc along which it is invisible 
would extend much more rapidly towards the extremities of 
the longer axis. Now, imagine the formation of the rings to 
be that exhibited in fig. 5, Plate IX. ; that is, that each ring 
is formed of a number of concentric hoops of uniform thick- 
ness, but the breadths of which diminish, while the intervals 
between them grow gradually wider towards the inner 
boundary of each ring. Then it is clear, either from the 
considerations detailed above or from an examination of the 
figure, which represents the appearance of such a system of 
rings, that dark spaces must be visible at the ends of the 
longer axis of the inner boundary of each bright ring. 1 
These shaded spaces would vary in form according to the 
manner in which the rings and the divisions between them 
varied in width, and might either be bounded by definite 
outlines or toned off by insensible gradations. It is clear, 
however, that if the width of the rings diminished, and the 
width of the spaces between them increased, by any uniform 
law, the shadings would present oval forms similar to those 
presented by the Saturnian system. 

The explanation of these appearances on the supposition 
that the rings consist of flights of disconnected satellites, is 
similar to the above — though not so convenient for illustra- 
tion — whether we suppose the satellites to travel in narrow 
rings, or, which is more probable, to be in general less 
regularly disposed. We have only to imagine that the 
satellites are strewn more densely near the outer edges of 

1 We must suppose these narrow rings to be so numerous, and, therefore, the 
•divisions between them so narrow, that neither rings nor divisions would be 
separately visible even in the most powerful telescopes. 



NATURE OF THE RINGS. 139 

the bright rings, and especially of the inner bright ring, and 
that this density of distribution gradually diminishes inwards. 
For instance, we may conclude that along the inner edge 
of the inner bright ring the satellites are so sparsely strewn 
that, at the extremities of the apparent longer axis of that 
edge, the dark background of the sky becomes visible through 
the gaps between the satellites. If these gaps were separately 
visible we should find, as the eye travelled across tlu breadth 
of the bright ring at this part, that they became smaller and 
less numerous as the satellites became more and more densely 
crowded ; but as the eye travelled round the ring we should 
find the gaps becoming smaller and less numerous from 
another cause. For a satellite would appear of the same size 
at whatever part of the ring it appeared, and thus, if separately 
visible, would occupy a much smaller part of the breadth of 
the rings when seen near the longer axis, where this breadth 
is greatest, than when seen near the shorter axis, where this 
breadth is least. Hence a flight of satellites which, in a 
telescope of sufficient power, might be resolvable into its 
component satellites when in the former position, might, 
from such foreshortening, become irresolvable in the latter, 
though the separate satellites maintained their relative 
positions unchanged. If such a flight of satellites could be 
traced in its motion from the longer to the shorter axis of 
the system, the discs of the component satellites would be 
seen gradually to approach, then to overlap each other, until, 
finally, all the dark spaces between them would disappear. 
If the satellites were not separately visible, such a flight 
would appear dusky in the former position, and would 
become gradually smaller and brighter, until in the latter 
position it would be as bright as the outer parts of the bright 
ring. Now the ring may be considered as made up of flights 
of satellites ; and though the members of such flights in no 
case maintain their relative positions unchanged, even for a 
few seconds, yet the general average of density along any 
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band of the ring remains tolerably uniform. Hence we cai> 
readily understand that there should be a gradual increase in 
the brightness of the rings, whether the eye travels across, 
their width from within outwards, or along any circle con* 
centric with the outlines of the rings from the longer to the 
shorter (apparent) axis of the system. Further, as it appears 
impossible to offer any other explanation of these shaded 
spaces, we may conclude that in the inner bright ring, and 
probably in each member of the outer double bright ring, the 
distribution indicated actually prevails— that is, that the 
component satellites are crowded along the outer boundaries- 
of the bright rings, and more sparsely distributed along the 
inner boundaries ; and that, although there may be local 
irregularities — such as strips, along which for an interval 
satellites are more or less crowded than in the neighbouring 
spaces— yet, on the whole, the density with which the 
satellites are strewn increases gradually outwards in each 
bright ring. 

The appearances observed by Mr. Wray and M. Otto- 
Struve, which seem altogether inexplicable on either of the- 
hypotheses before considered, may be readily explained on 
the supposition we are examining at present For it is- 
conceivable that the disturbing attractions of Saturn's outer 
satellite may draw the satellites composing the ring from the 
plane of Saturn's equator (or the mean plane of the ring), so 
that when the edge of the ring is turned to the observer the 
satellites thus disturbed present the nebulous appearance- 
described. Further, the more densely the satellites com- 
posing any part of the ring are crowded, the more efficient 
will be their common action to check such disturbances ; 
so that the gradual increase in the width of these nebulous 
appendages, as they (apparently) approach the disc of the 
planet, is perhaps, a further indication of the diminution of 
density inwards mentioned above. But this phenomenon 
may be satisfactorily explained in another manner: — The.* 
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number of satellites at a given distance from the central 
plane of the ring must rapidly diminish as that distance 
increases ; thus, when this distance is very small, the dis- 
turbed satellites may be strewn with sufficient density to 
become visible near the extremities of the ansae, where the 
line of sight passes through a small range of satellites ; but 
that the sparsely strewn satellites at a greater distance from 
the central plane of the rings should become visible, it may 
be necessary that the line of sight should pass through a 
much greater range, — that is, should fall much nearer the 
disc of the planet Thus, clearly, the apparent breadth of 
these appendages would be greater near the planet's disc, 
even though there were not an increase inwards in the 
numbers of satellites disturbed from the mean plane of the 
ring. It is very probable, however, that there is such an 
increase, and that the effects resulting from both causes 
combine to render the peculiar apparent shape of these 
appendages more distinct than it would be if either cause 
operated alone. 

The investigation of the motions of a crowd of satellites 
travelling in rings about a central attracting globe, is a 
problem of too great complexity to be exactly resolved. 
If the motion of our moon is of so complex a nature. that 
even yet all its inequalities have not been exactly determined, 
it will readily be conceived that a problem which deals with 
the motions of hundreds of moons, disturbed by and disturbing 
each other, must lie far beyond the range of our most powerful 
modes of mathematical analysis. Even if we knew the exact 
size, shape, and position of each satellite, and the rate and 
direction of its motion at any instant, the exact investigation 
of the subsequent motions of the system would still lie 
utterly beyond the grasp of the acutest human intellect. 
.But of all those elements we are ignorant All that we know 
certainly is that the bodies constituting the system are very 
numerous ; we may also conclude from the analogy of other 
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parts of the solar system that they are not uniform either in 
size or density. 

Notwithstanding the difficulty of the problem, and the 
uncertainty of all its conditions, highly interesting general 
results may be deduced from its consideration. 

And first, while we cannot assert that such a system is 
actually permanent, it is undoubtedly safe from sudden de- 
struction. We speak of the orbits of our earth and of the 
planets as permanent, because, though they undergo various 
changes, these are oscillatory, and produce no lasting effect 
But rings of satellites, subject like all the members of the 
solar system to numerous disturbing attractions, and mutually 
disturbing each other, undergo changes of form that proceed 
continuously. Whether such development results in the de- 
struction of the rings (as rings) is not certain. It appears 
probable, however, that under certain conditions the destruc- 
tion of the rings might be indefinitely postponed. 

We may consider separately two forms of disturbance, 
chiefly due to the varying attractions of Saturn's eight satel- 
lites, but partly to the attractions of the other members of the 
solar system : each form of disturbance also generates the 
other, or modifies disturbances already existing. 

In the first place, the members of these rings will be 
subject to perturbations out of the general plane of the system. 
If it were possible to trace the motion of a single satellite, it 
would be found that its orbit has its ascending and descending 
nodes on the ring's plane, and (at each instant) a definite 
inclination to that plane. These elements of the satellite's 
orbit would be found to be continually changing ; the nodes 
at one time advancing, at another regreding — the inclination 
now diminishing, now increasing. Considering the whole 
system, the result of these extra-planar motions and their 
variations would be a series of waves, wrinkling (so to speak) 
both surfaces of the ring. These waves would vary in extent, 
and would move with various velocities — travelling neither 
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directly across nor in circles concentric with the rings. 1 They 
would not of themselves produce any marked or permanent 
effects upon the extent of the rings, — that is, on their 
diameters internal and external. Their effects on the deve- 
lopment of the system would arise chiefly from their influence 
in generating the form of disturbance next to be considered. 
But their effects on the appearance of the rings when the edge 
is turned towards the earth are, as we have seen, very observ- 
able ; for it is undoubtedly to such waves as these that the 
changes observed by M. Maraldi and others at the disappear- 
ance of the ring, and the nebulous appearances already con- 
sidered, are to be attributed. 

Secondly, the members of these rings will be subject to 
variations in their distances from the centre of their gigantic 
primary. If a single satellite were tracked as before, it would 
be found that its orbit has its peri-saturnium, and its apo- 
saturnium, and (at each instant) a definite eccentricity. 
These elements, like those just considered, would be found to 
vary continually ; the line of apsides advancing at one time 
and regredingat another, the eccentricity now diminishing and 
now increasing. Considering the whole system the result of 
these variations would be a series of waves of concentration 
and dispersion. 2 These would travel neither directly across 

1 It must be remembered that it is not the motions of the satellites them- 
selves that are here spoken of, but the motions of the waves of disturbance re- 
sulting from irregularities in the motions of those bodies. The two kinds of motion 
are as distinct as the motion of a wave on the ocean from the motion of the 
particles of the ocean ; the wave itself may travel hundreds of miles, while the 
particle whose successive motions form the wave may not be displaced more than 
a few yards. 

* It is not to be understood that waves of this kind, and waves of the kind 
before considered, exist separately, and separately travel across or round the 
ring ; they are only considered separately to avoid confusion, but are in reality 
commingled, and their motions are varied and interchanged in inextricable com- 
binations. If it were possible to view the rings from their common centre, waves 
of the kind first considered would be visible, apparently travelling round the ring ; 
to an eye placed anywhere in the plane of the rings the same kind of waves would 
be seen, and their motions round and across the ring would both be visible. If 
the rings were viewed from a point in the axis of Saturn produced (so that they 
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nor in circles concentric with the rings ; but it appears prob- 
able, from the formation of the system of rings, that there 
would be a continual tendency in waves of the kind we are 
considering to assume the form of circles concentric with the 
rings and travelling across their breadth inwards and out- 
wards. Their effects on the appearance of the rings, viewed 
from the earth, would depend partly on the intensity attained 
by the wave, and partly on the density with which the satel- 
lites are strewn in the particular zone of the ring across which 
the wave is travelling. If the intensity of the wave is great 
and the satellites not very densely crowded, the transparent 
phase of the wave may be traceable in a temporary division 
or dusky stripe. 1 Analysis shows that waves of this kind 
would produce a gradual but continuous increase in the 
breadth of the system of rings — the inner edge travelling 
inwards, the outer edge travelling, but much more slowly, 
outwards. These changes do not, of course, operate only at 
the edges, but throughout the breadth of the rings ; 2 probably 



appeared as in the figures of Plate X.) waves of the second kind would be 
visible as waves of transparency and opaqueness, travelling, in general, concen- 
trically across the ring, inwards and outwards. A tolerably exact notion of the 
disturbances to which the rings are subject may be obtained as follows : — Let a 
semi-transparent fluid be poured into a large circular plate of uniform colour until 
the bottom of the plate is just hidden ; if now this fluid be disturbed in any 
manner waves will be seen travelling across the surface, crossing and interlacing 
as they are reflected from the edges of the plate ; if the fluid be viewed, however, 
from above, these disturbances will appear as waves of colour (the colour of the 
plate and the colour of the fluid) ; if a motion of steady rotation be communicated 
to the plate by suspending it from a twisted string, the rotation of the rings, 
considered as a system, will be illustrated ; and it will be found that disturbances 
can be as readily communicated to the rotating fluid as to the fluid at rest. 

1 It might be interesting to examine whether the temporary marks that appear 
on the rings have any motion across the breadth of the system in the intervals 
during which they remain visible. 

* It may be suggested as possible that in the great division of the rings we 
have the indication of a zone along which, at an early stage in the development 
of the system, the parts of the ring spreading outwards were separated from those 
spreading inwards. This division may possibly be still increasing in width. The 
division in the outer ring seems certainly to be increasing in width, since it 
becomes more distinctly visible as the rings successively attain their greatest 
opening. 
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their effects are smaller at the edges than elsewhere : how- 
ever, it is clear that the only marked change visible to us 
must be the increase in the breadth of the system. 

Let us examine the effects of such increase at the inner 
and outer edges of the system, respectively. It is clear that 
both changes operate to increase the extent of the rings, and 
consequently, as the changes proceed, the satellites have more 
and more space for their movements ; but it also appears 
obvious that among satellites near the inner edge seeking 
smaller orbits, collisions must be much more frequent than 
among satellites near the outer edge seeking larger orbits. 
Further disturbance would thus be continually generated 
among satellites near the inner edge. The satellites no doubt 
move in the same general direction about Saturn, so that it is 
only the difference of the velocities of two impinging satellites 
that comes into play at a collision ; l but the eccentricities of 
the orbits of the satellites may be very importantly affected 
in this manner, and it is clear that a satellite which once 
begins to move in an orbit of considerable eccentricity must 
continually cause fresh disturbances, until either its orbit is 
altered to a form of less eccentricity or it falls upon the planet. 
The general effect of such collisions would be that (after the 
lapse possibly of many ages) numbers of satellites originally 
travelling in orbits nearly circular would pursue eccentric 
orbits. There would still remain a tolerably well defined 
inner edge ; but these orbits would lie partly within and 
partly without its circle. It appears probable that after a 
time this process would be checked by the formation of a new 
ring within the original inner boundary of the system, and 
that the orbits of the satellites composing this new ring would 
gradually become less and less eccentric. After a further 
lapse of time, however, the inner edge of this ring would begin 

1 The satellites composing the system being bodies of imperfect elasticity, there 
is at every collision a loss of a part, however small, of the * vis viva' of the system, 
and a corresponding generation of heat. The ' angular moment ' of the system 
about Saturn is not, however, affected by collisions. 

L 
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to undergo a series of like changes, ending in the formation 
of a new ring within it, — and so on continually, or until the 
process were checked or assumed new forms through the 
approach of the rings to Saturn's equator. The inner edges 
of outer rings would probably be liable to similar changes, 
proceeding, however, much more slowly. 

We have seen that the appearance of the rings, and their 
changes of form, correspond with the results detailed above. 
The interior diameter of the system is continually diminishing : 
two distinct rings are visible, and there are indications of the 
approaching formation of a third ring within them ; the 
outer ring, also, is divided into two rings separated by a com- 
paratively narrow interval. The exterior diameter of the 
system has not perceptibly increased. This, however, may 
be accounted for in two ways :— first, the change of this 
element would not be easily detected, since analysis shows 
that such change would be very small compared with the 
variation of the inner diameter of the system ; and, secondly, 
it is not impossible that the existence of a resisting medium 
checks the outward and encourages the inward growth of the 
rings. It is probable that when the rings are again open to 
their full extent, the development of the dark ring will be 
found to have made a considerable progress, and that the 
inner parts of the inner bright ring will appear much darker 
than at present It is not impossible that the disintegration 
of the inner bright ring (the progress of which is shown by 
the gradual increase of the dusky elliptical spaces at the ends 
of the longer axis of the dark ring) may be found to have 
resulted in the formation of a new dark ring. The dark ring 
will probably be wider or brighter, possibly both ; perhaps 
even traces may be discernible of the approaching transform- 
ation of the dark ring into a new inner bright ring separated 
from the neighbouring bright ring by a well-marked division. 
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CHAPTER VI. 

HABITABILITY OF THE GIANT PLANETS. 

WHEN we consider the analogy of our own planet, it 
seems impossible to doubt that Saturn is inhabited by living 
•creatures of some sort. Here we find not only the land, 
but the fathomless depths of ocean ; not only the temperate 
zones, but the scorched regions of the tropics, and even 
the solid ice within the arctic and antarctic circles, crowded 
most abundantly with living creatures. Here also we find 
that not merely while the conditions now holding have sub- 
sisted, but throughout millions of ages, during which the earth 
has undergone variations of the most marked and startling 
nature, the same abundance of life has been found upon its 
surface. That a globe so stupendous as Saturn, and sur- 
rounded by a system so magnificent and elaborate, should 
be devoid of inhabitants, seems at a first view incredible ; 
but what manner of creatures might subsist on Saturn — 
whether it were inhabited as yet by comparatively rudimen- 
tary races, or already peopled by reasoning and responsible 
beings, capable of appreciating the wonders that surround 
them and adoring the Almighty Creator — we might not 
expect to know. So I wrote in the last chapter of the first 
edition of this work ; though as I went on I found many 
difficulties which even then seemed to me to point to a differ- 
ent theory, and I closed the chapter with these words : ' The 
result of the examination of the probable physical conditions 
and phenomena subsisting on Saturn does not appear to 
favour the supposition that the planet is a suitable habitation 

L 2 
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for beings constituted like the inhabitants of our globe. The 
variation of gravity, the length of the Saturnian year, and the 
long-protracted eclipses caused by the ring, are the circum- 
stances that seem to militate most strongly against such a 
supposition. Over a zone near the Saturnian equator these 
circumstances have less effect, however ; and it is not impos- 
sible that arrangements unknown to us prevail in Saturn 
which may render other parts of this surface habitable as we 
should understand the term : " The very combinations," as Sir 
John Herschel has said, " which convey to our minds only 
images of horror, may be in reality theatres of the most 
striking and glorious displays of beneficent contrivance." ' 

Later, when I began my treatise on ' Other Worlds than 
Ours/ I still entertained the general theory that each one of 
the planets is inhabited by some kind of living creatures, 
though I had recognised how impossible it is that each planet 
— if any of the solar family beside the earth itself — can be in- 
habited by such creatures as we are familiar with here. It 
was only, as it were, by an effort, that I could bring myself ta 
see that we must judge of the giant planets according to the 
evidence we have, and those analogies only which are really 
and most directly applicable to the case, not according to the 
fancies suggested by preconceived ideas as to what is fitting. 
* If bulk/ I said, ' is to be the measure of a planet's fitness to 
be the abode of living creatures, then must Jupiter, one would 
suppose, be inhabited by the most favoured races existing^ 
throughout the whole range of the solar system. Exceeding 
our earth some 1,230 times in volume, and more than 300 
times in mass, this magnificent orb was rightly selected by 
Brewster as the crowning proof of the relative insignificance 
of the earth in the scale of creation — assuming only — the 
assumption being a bold one — that we can indeed gauge the 
purposes of the Creator by the familiar tests of measure and 
weight/ 

I premise so much to show that I was little likely to 
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favour new ideas, so far as I was influenced by ideas formerly 
entertained and expressed — ideas always, even despite our- 
selves, more difficult to get rid of than, those merely held in 
the mind and not uttered. All my prejudices were likely to 
favour the old-fashioned views respecting the planets, views 
first advanced when the Copernican theory had just been 
-established, but entertained and effectively advanced even by 
such men as the elder and younger Herschel. 

Yet if we consider the real origin of the view which 
Brewster and others of his school advocated so earnestly, we 
find no scientific evidence whatever in its favour. Until the 
Copernican theory was established no one thought of the 
planets as abodes of life, or as globes in any way resembling 
the earth. They were lights set in the heavens for the use 
and benefit of this earth ; they were carried round according 
to certain laws as yet but imperfectly recognised, yet mani- 
festly, as men thought, in harmony with some scheme by 
which these orbs were to be for signs and for seasons and for 
days and years. Only when it was discovered that our earth 
is one of the family of planets did the idea suggest itself that 
the planets are orbs like the earth. From that time, and 
especially when the telescope showed that the planets are 
globes, rotating on their axes, and that they resemble the 
earth in all those characteristics on which, speaking generally, 
the terrestrial seasons depend, it was natural enough to regard 
them as likely to be, like the earth, the abodes of living 
-creatures. But there was never that sort of investigation 
which can alone be regarded as scientific, into the fitness of 
each planet in other respects to support life. Apart even from 
the boldness of the assumption that because one planet is 
inhabited, every planet must be intended to support life, the 
argument from analogy was not properly followed. So far as 
we can judge, all things in nature, whatever the work they 
eventually do, or the purposes they eventually subserve, have 
a period of preparation preceding their time of fitness for such 
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work, and following that time of fitness there is a period of 
gradual decadence, followed by decrepitude, and . finally by 
the absolute surcease of fitness. We may not be able, because 
of the shortness of our lives and of the life of our race, or 
because of our limited range of survey, to recognise this, 
general law on the large scale as we can on the small scale. 
But as, wherever we might expect to be able to recognise it, 
we find it actually existent, we have every reason of which 
the circumstances admit for believing that the law is general 
throughout the universe. Assuredly we have far more reason 
for believing this law to be universal than we have for believ- 
ing that every planet is either inhabited or intended to be so. 
Now if this law holds, it must apply to the planets, to suns,, 
to systems of suns, and to systems of such systems. So that 
if the planets have for their work in the universe the support 
of life, they must pass through periods of preparation for that 
work, and after discharging during such period of time as 
corresponds to their individual structure, size and so forth, 
the duties for which they have thus become fitted, they, like 
all things else in nature, must gradually decay, and eventually 
must cease to work after their appointed fashion, or regarding: 
the support of life as the actual life-work of a planet, each 
planet must die. Therefore before we can entertain as even 
an assumption the theory that all the members of the solar 
system are the abodes of life, we must consider the evidence 
as to their being either, first, in the stage of preparation, or 
secondly, in the stage of fitness, or thirdly, in the period 
of decadence, or fourthly and finally, in the death-like 
stage. 

Now the first, and in some respects the strongest, reason 
for believing that most of the planets are not at this time 
abodes of life is derived from the consideration of the 
evidence tending to show that the lifetimes of the various 
planets must be of very different lengths. The life of a planet 
begins in the vaporous stage, when even those materials of 
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the planet's substance which are hereafter to form the hardest 
materials are in the form of vapour. The sequent stages are 
stages of cooling. It is only when the substance of the planet, 
regarded as a whole, has reached a certain temperature not 
too high to be borne by living creatures, that such creatures 
can exist From that temperature to a temperature so low 
that no creatures can bear such intensity of cold, the range is 
great, though not infinitely great The period required for 
the cooling down of a planet from the former of these temper- 
atures to the latter is enormous, but not infinite in the case of 
any orb of finite mass. But it is readily seen that the larger 
a planet is, the longer must this — and, indeed, every — stage 
of cooling last. The quantity of heat to be parted with by a 
planet in passing from any given temperature to any other 
lower temperature may be regarded as proportional to the 
planet's mass ; and, other things being equal, the mass of a 
planet exceeds that of a smaller planet in a greater degree 
than the surface of the former exceeds that of the latter. 
Suppose two planets of the same density, but one with a 
diameter ten times greater than that of the other. Then the 
surface of the former exceeds that of the latter a hundred 
times, while the mass of the former exceeds that of the latter 
a thousand times. If both were at the same temperature at 
any given time, the larger would give forth, moment by 
moment, a hundred times as much as the latter — having a 
surface a hundred times greater. But then it would have a 
thousand times as much heat as the other — that is, ten times 
the supply necessary to enable it to go on giving out a 
hundred times as much heat for the same period of time as 
the smaller. Therefore, each stage of the cooling of the 
larger planet — each stage of the larger planet's life— would 
be ten times as long as the corresponding stage of the smaller 
planet When we note the enormous discrepancies between 
the different planets in mass — that one planet, Jupiter, is two- 
and-a-half times as massive as all the others taken together ; 
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the next, Saturn, three times as massive as all the remaining 1 
planets together ; that Jupiter exceeds our earth more than 
300 times, while Saturn exceeds her nearly a hundred times 
in mass — the just inference is, not that all the planets are in 
the same stage of planetary life, but that they are in very 
different stages ; not that Jupiter and Saturn are, like the 
earth, in the life-bearing stage, but that they are in a much 
earlier stage — that, in fact, as yet they have not passed 
through the period of preparation. 

We turn a telescope upon either of these planets, and at 
once we see that they are entirely unlike our earth in appear- 
ance. We know that if she were examined from a distance 
with a telescope her lands and seas would be seen, — not 
always all at once, because of cloud and mist hiding them 
from view, — but that always so much of the outlines of some 
lands and seas would be seen as would suffice for their 
identification. But even a single view of either of the giant 
planets with a good telescope shows that whatever their real 
condition may be, it is unlike that of the earth in this respect 
No trace of any tracts can be seen which could for a moment 
be regarded as regions of land and water. On the contrary, 
the forms of the markings on the surface of both the giant 
planets, whether we consider their general aspect or details, 
are such as could exist only in a vaporous, cloud-laden 
atmosphere. 

Let us in particular consider the belts of Jupiter and 
Saturn. It has been usual to regard these as resembling 
the trade and counter-trade zones on the earth. But while 
in the first place no such zones exist — as zones — on the 
earth, being in every case interrupted over continents, the 
belts of the giant planets are altogether unlike what the 
trade zones would be if complete. They are more numerous, 
they are differently situated, they vary in position, in fine 
they resemble the trade wind and counter-trade wind regions 
of the earth in no single respect except in parallelism 
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(speaking generally) to the equator. If we turn from 
observed facts to antecedent considerations, we see that on 
planets like Jupiter and Saturn, so much farther away from 
the sun and so much larger than the earth, zones like the 
trade and counter-trade zones never could be formed as on 
the earth. The heat which the sun pours on a square mile 
of the earth's surface turned directly towards him is twenty- 
seven times greater than what he pours on a similar region 
of Jupiter, and a hundred times greater than he exerts on 
such a portion of Saturn's surface ; while the range in latitude 
on the planet corresponding to any given change in the 
inclination of the solar rays, is eleven times greater in 
Jupiter's case, and nine times in Saturn's. In other words, 
the work to be done is in one case eleven times greater, 
while the working power is but a twenty-seventh part of 
what is exerted on the earth ; and in the other case the 
working power is but a hundredth, and the work to be done 
nine times as great So that even if the belts on Saturn and 
Jupiter resembled those which exist over the water-covered 
parts of the earth, in all respects, in position, shape, general 
character, number, and in the changes affecting them, it 
would still be almost impossible to regard them as produced 
in the same way. 

Yet in a wider sense there is but one general way in 
which cloud belts can be formed around a planet. It must 
be true of the belts of Jupiter and Saturn, as of the partial 
belts of the earth, that they are due to the different rotational 
velocities of different parts of the atmospheric cloud-laden 
•envelope. On the earth these differences of velocity are due 
to the different distances from the earth's axis of regions in 
different latitudes. A mass of air travelling towards the 
equator comes with the comparatively small rotational velocity 
•existing at points in higher latitudes (and therefore nearer the 
axis of rotation), to regions possessing the comparatively great 
velocity existing in lower latitudes ; and therefore lags behind 



154 SATURN AND ITS SYSTEM. 

(regarding the rotational motion as forward), whereas a 
mass of air travelling from the equator seems to be hurried 
forward. Since this cannot be the case with Jupiter and 
Saturn — at least no reason is known why aerial masses in 
one latitude should be carried to another latitude, either 
higher or lower — it follows almost inevitably that the 
difference of velocity which must exist to cause the forma- 
tion of belts is due to difference of distance from the centre. 
If we imagine a body thrown straight upwards from the 
surface of the earth to a very great height, that body having 
at the surface and throughout its upward and downward 
motion only the thwart velocity due to its distance (when at 
the surface) from the earth's axis, whereas points in the air 
along its course have the greater thwart velocity due to their 
greater distance from the axis, it follows that throughout 
both its upward flight and its return course 1 the missile must 
lag behind or be carried relatively westwards, and it will 
eventually reach the ground to the west of the spot whence 
it was projected. If we imagine a series of projectiles so- 
projected, the flight viewed from some distant point high 
above the point of projection would be foreshortened into an 
east-and-west line of bodies. The range of this line would 
be greater or less according as the height was greater or less 
to which the projectiles were sent. If a stream of visible 
vapour were shot vertically upwards from any point on the 
earth or any planet to an enormous height, that stream of 
vapour viewed from above would similarly be seen as an 
east-and-west streak. If the height to which it were pro- 
jected were very great, the streak or band would have 
considerable length. If owing to the resistance of the 

1 It is often stated that such a missile would move westwards in its upward 
course, but be carried as much eastwards in its downward course, so as to fall at 
the exact spot whence it was thrown. This, however, is a mistake. A body pro- 
jected vertically upwards from the earth, whether in still air or in vacuo (if we 
could imagine a vacuum created or existing to a height of many miles above the 
point of projection), would throughout its flight be moving westwards with respect 
to the true vertical through the point of projection. 
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atmosphere to vertical motion the column of vapour ceased 
to ascend, while owing to its specific gravity being similar 
at some great height to that of the surrounding air it did not 
descend, the masses of vapour as they reached this elevation 
would have a continuous westwardly motion, and would 
form bands of cloud lying east-and-west or parallel to 
the equator, like those we see on the discs of Jupiter and 
Saturn. 

This explanation — and it seems the only explanation 
available — requires us, however, to believe that the region 
whence the cloud masses are projected (probably in the form 
of vapour or stream) to form the belts of Jupiter, lies very 
far below the region where the belts are formed. This then 
may be regarded as an independent proof that the planets 
really are in that state in which, from the great size and 
therefore probable relative youth of these planets, we were 
led to expect that they would be. Only from an intensely 
heated, partly molten, partly vaporous central mass, could 
masses of vapour be thrown upwards to the enormous height 
— hundreds if not thousands of miles — which would result in 
the differences of velocity necessary to explain the well-defined 
belts of Jupiter and Saturn. 

Next, consider the way in which the cloud belts behave as 
day and night progress on Jupiter and Saturn, or as summer 
and winter succeed each other on Saturn — the seasonal 
changes of Jupiter would be scarcely appreciable, owing to 
the very slight inclination of this planet's axis to the plane 
in which Jupiter travels. We know that all cloud phenomena 
on the earth are markedly affected in every part of the earth 
by the progress of day and night ; and also, though the 
changes therein resulting are less directly obvious to the 
senses, by the progress of the year of seasons. If the cloud 
belts of Jupiter and Saturn were similarly generated, that is 
if they were sun-raised, they would respond similarly to the 
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constant variations of solar influences as the day and year 
respectively progress. 

Now with regard to the progress of day a casual glance 
at Saturn or Jupiter through a telescope might suggest the 
idea that changes occur in the cloud zones corresponding 
with the progress of day from morn to midday and thence to 
•evening (of the night halVes of the zones we see of course 
nothing), for towards the edge of the disc the zones seem 
shaded off as if darker there. 1 Since the right side of a 
planet's disc in the telescopic view (where the south is at the 
top and the north at the bottom) is the part where it is 
morning, and the left side the part where it is evening, one 
would judge from this appearance that the morning clouds 
and the evening clouds are different in character from the 
midday clouds ; and whether the actual nature of the 
difference corresponded or not with the usual difference 
between our midday clouds and those of morning and 
•evening, would matter little ; for in either case it would seem 
as though the sun were the cloud-generator for the giant 
planets. As a matter of fact the peculiarity is the reverse 
of what we should expect to find in a planet like our earthy 
and of what we actually find in the case of Mars, where the 
morning and evening parts of the planet's disc are more 
cloud-covered and therefore whiter than the rest We may 
pass over this as of comparatively small importance, to 
inquire whether the peculiarity indicates any real difference 
in the constitution of the cloud zones. A very brief inquiry 
serves to show that it does not. Not only do we find that 
the clouds of morning, noon, and evening (or of what would 
be morning, noon, and evening on a planet like our earth) are 
alike, but we are able to follow a cloud formation to the dark 

1 I ought perhaps to correct the above statement as far as the words * casual 
glance ' are concerned. For at a first view, owing to a singular optical illusion, 
the disc appears brighter near the edge than in the middle. It is only after some- 
what careful study that this is found to be an effect of contrast against the dark- 
ness of the sky background. By ' casual glance ' then must be understood a single 
view not affected by merely optical illusion. 
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or night half of the planet, and to see it (with the mind's eye) 
completing that half of its rotational circuit unchanged in 
character. Repeatedly the same spot on Jupiter, and 
occasionally but less often (owing to the greater difficulty of 
the observation in the case of the remoter planet) a spot on 
Saturn, has been watched circuit after circuit, that is, day 
after day on the planet. In one case a great rift in a cloud 
layer on Jupiter, a rift large enough to show a region equal 
to the entire land surface of our earth, was seen for six of our 
weeks, or for fully a hundred Jovian days. It changed indeed 
in shape, but so steadily that the rift remained perfectly 
immovable all that time. It is absolutely impossible to re- 
concile such a phenomenon as this, or the multitudes of less 
striking but still severally convincing phenomena of a similar 
kind, observed in the case of both the giant planets, with the 
theory that the sun generates these cloud belts as he does 
those of our own earth. Turn to Mars, and we find very 
different relations, we find in fact precisely what we should 
expect in the case of a planet resembling our earth. There 
are clear and obvious signs of cloud-formation there as on 
Jupiter and Saturn, though there are no belts ; but not only 
are there the differences already mentioned between the 
morning and evening skies, but the astronomer can trace 
with the telescope the gathering of clouds over continents and 
seas, and their dispersal under solar influence. 

When we turn to consider seasonal changes, we find in the 
case of Saturn, the inclination of whose axis is rather greater 
than that of our earth's axis (so that the seasons might be 
expected to be more marked), no signs whatever of change in 
the cloud zones as the long Saturnian year progresses. Our 
great terrestrial cloud zone within the tropics follows the sun, 
passing far north of the equator in the summer of the northern 
hemisphere and far south in the winter of the northern, which 
is, of course, the summer of the southern hemisphere. The 
middle of this zone (if the zone were complete) would always 
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be seen in the very centre of the sunlit half of the earth by an 
observer supposed to look directly at that earth-face (as the 
earth would be seen if viewed from the sun). Now ive look 
almost directly at the sunlit half of Saturn, the earth's distance 
from the sun being small compared with Saturn's. Instead 
of seeing his great central cloud zone always crossing the 
exact centre of his disc, we find that it is always equatorial, 
and passes alternately above and below the centre of the disc, 
as Saturn, circling with inclined axis round his enormous 
orbit, sways now the northern now the southern polar regions 
over towards our terrestrial observing place. Here, again, is 
proof positive that the great cloud zones of this planet (and 
the evidence bears, of course, on Jupiter also) are not gener- 
ated by solar action. 

Regarding the cloud phenomena of the giant planets as 
generated by internal forces, whose real seat lies deep below 
the visible surface of the cloud belts, we see that these forces 
must be of tremendous energy, must produce enormous 
changes in the cloud-laden atmosphere (with effects extending 
widely, both vertically and laterally), and imply enormous 
heat in the whole frame of each planet Let us see what the 
evidence is on each of these three points. 

Taking first the last-named of these considerations, we 
note that while d priori reasoning would lead us to expect to 
find the giant planets in a state of intense heat, and main- 
tained by such heat in a partly vaporous condition, and while 
all the appearances observed in both planets correspond with 
this anticipation, there is one circumstance which cannot 
possibly be explained on any other assumption. I refer to 
the small mean density of both Jupiter and Saturn. All that 
has been learned by the application of the wonderful powers 
of spectroscopic analysis to the heavenly bodies, teaches us to 
believe that, speaking generally, all the planets are formed of 
the same materials. The idea has been entertained that the 
outer planets are formed of lighter materials, but this has 
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been rather as an attempted explanation of the small specific 
gravity of the outer planets than as the result of scientific 
reasoning : and it should be regarded as entirely negatived 
by the small mean specific gravity of the central body of all, 
the ruling sun. Apart from this & posteriori suggestion, viz., 
that because the outer planets are of small mean density their 
materials are of small density, all the evidence tends to show 
that the planets are all made of the same materials, and that 
whatever varieties of density exist result from differences of 
condition. Now, if Jupiter and Saturn were at the same 
mean temperature as the earth, we should expect that owing 
to their much greater mass they would be much more com- 
pressed by the energy of their own attraction. They would 
thus be of greater mean density, instead of being as they are 
of much less. On the other hand, if they were as respects 
temperature in an intermediate condition between the sun 
and the earth, we should expect them to be of much smaller 
mean density. All the waters which are one day to form 
their seas would be in the form of steam close to the intensely 
heated central mass of either planet, and at a great distance 
from that hot surface would form mighty cloud masses. 
These masses of cloud would consist of several layers ; for 
even in our own atmosphere where clouds are relatively so 
much less numerous, we recognise three distinct layers, the 
rain clouds, the cumulus or woolpack clouds, and the cirrus 
or feathery snow clouds, besides two or three subordinate 
formations, as the stratus, cumulo-stratus, and cirro-stratus ; 
probably many more formations would exist in the cloud- 
laden atmospheres of the giant planets, while assuredly each 
layer would be very much denser and very much deeper than 
the corresponding layers in our own atmosphere. Now the 
apparent surface of a planet in this condition — that by which 
its volume would be determined— would be the outer surface 
of the outermost cloud-layer ; if the layers were numerous 
and deep, this outermost layer would be so far from the real 
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surface that the volume thus determined would be far in 
excess of the planet's true volume. The mean density in- 
ferred from this erroneous determination of the volume would 
be far less than the planet's true mean density. Now, we 
find that the mean density of Jupiter is but about one-fourth 
that of the earth, while that of Saturn is even less, being but 
about one-seventh of the earth's. We note further that 
whereas, if those giant planets were in the same state as the 
earth, they would most probably be denser than she is, they 
are less dense, precisely as they, would be if still in a state of 
intense heat We thus seem forced to the conclusion that 
they really arc in a state of intense heat, apart from that d 
priori reasoning which had led us to anticipate as much. The 
agreement between our d priori reasoning and the observed 
facts adds greatly, it need hardly be said, to the force of the 
inference, which might be safely enough deduced from either 
separately. 

Let us next consider the direct observational evidence of 
intense disturbance in the cloud-laden atmosphere. We note 
that any disturbance on Jupiter, which could be recognised 
from the earth, must take place on a very large scale. A 
surface as large as that of England would be quite imper- 
ceptible in our best telescopes at Jupiter's distance. The 
moons of Jupiter appear little more than points in the tele- 
scope, and when they are passing over his disc they are 
scarcely to be discerned at all, unless they happen to be on 
a portion of his surface having a very different lustre from 
theirs. Yet the least of these moons hides a surface of more 
than three millions of square miles. Probably the smallest 
perceptible marking on Jupiter would correspond to a portion 
of Jupiter's surface not less than a hundred thousand square 
miles in extent. Saturn being about twice as far away (com- 
paring the distances when either planet is most favourably 
situated for observation) shows all the details of his surface 
on a correspondingly reduced scale. Not only jso, but he is 
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much less brightly illuminated than Jupiter. Probably a 
portion of Saturn's surface distinctly recognisable from the 
rest, owing to some difference of tint or lustre, must (even 
when our best telescopes are used) have a surface of not less 
than half a million of square miles. It will be obvious, then, 
that £ disturbance in Jupiter, and still more in Saturn, to be 
recognisable from the earth, must take place on a scale 
incomparably greater than that on which any terrestrial 
disturbances, even the most tremendous earth-throes, have 
taken place within the knowledge of man. Over a region 
hundreds of thousands of square miles in extent, the glowing 
surface of the plartet must be torn by subplanetary forces. 
Vast masses of intensely hot vapour must be poured forth 
from beneath, and rising to enormous heights, must either 
sweep away the enwrapping mantle of cloud which had con- 
cealed the disturbed surface, or must itself form into a mass 
of cloud, recognisable because of its enormous extent, and 
because its texture differs from that of the cloud masses 
surrounding it. Such a disturbance, extending in the case of 
Jupiter over an area as large as France, or in the case of 
Saturn over an area as large as Russia, would be just dis- 
cernible with our most powerful telescopes. It might very 
well be, then, that the surface of either planet should appear 
absolutely at rest while yet disturbances of the most tremen- 
dous character were taking place in every part of the planet's 
globe. If over a thousand different regions, each as large as 
Yorkshire, the whole surface were to change from a condition 
of rest to such activity as corresponds with the tormented 
surface of seething metal, and vast clouds formed over all such 
regions so as to hide the actual glow of the surface, our most 
powerful telescopes would fail to show the faintest trace of 
change. And Saturn might be still more tremendously dis- 
turbed without our seeing any signs of it. 

Or again, if we consider the apparent outline of either 
planet, and inquire what changes would have to take place in 

M 
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the cloud envelopes near the apparent edge of the disc, to be 
discernible from the earth, we find again that the changes 
would have to be so tremendous that we might well despair 
of ever discerning the slightest traces of their occurrence. 
The diameter of Jupiter is, roughly, about 80,000 miles ; and 
any one who has ever examined the planet with a powerful 
telescope, knows well that a difference of level in any part of 
the outline by such an amount as the fortieth or the fiftieth 
part of the diameter (i.e., by 2,000 or 1,600 miles) would not 
be discernible. Yet what a disturbance would be implied by 
such a change of apparent level if the planet had a surface like 
that of our earth. If we consider that in the most tremendous 
earthquake ever known upon earth, a surface of a few thou- 
sand square miles rises or falls by a few yards only, we shall 
be able to form some idea of the fearful nature of a disturb* 
ance by which a surface of several millions of square miles 
would rise or fall through more than four thousand miles (more 
than half the distance which separates the surface of the earth 
from the centre). We cannot imagine that any such disturb- 
ances take place in Jupiter or Saturn ; but even when we 
take into account the probability that the outline we see is 
that of cloud masses, we can scarcely expect to find any 
discernible change in this outline, when we remember on how 
enormous a scale the cloud envelope must be disturbed (both 
laterally and vertically) for the telescopist to recognise any 
perceptible change. 

Thus, when we find in the case of both planets very 
marked changes of both kinds— large' spots forming and dis- 
appearing on the surface, and the outline of the disc percep- 
tibly changing in position — we are forced to conclude that 
the most tremendous forces are at work beneath the cloud 
envelopes which form the visible surface of these planets. 

There could be no more remarkable illustration of the 
former class of changes than the appearance of the great red 
spot which is still visible, and has been visible for more than 
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two years, in the southern hemisphere of Jupiter. With a 
surface equal to three-fourths of the entire surface of the 
earth, this great oval spot has exhibited changes of form and 
position only explicable on the supposition that the most 
/remarkable changes are taking place in the whole region 
•occupied by the spot There must be all over that region an 
activity of disturbance far greater than we have on this earth 
•over the comparatively minute regions disturbed by our 
fiercest cyclones. The ruddy lustre of this region can hardly 
be explained, except on the assumption that the light coming 
from it is partly due to the intense heat, not indeed of the 
surface here seen, but more probably of regions below that 
surface. The mere formation of such a spot (remembering 
always its enormous extent) would imply intense activity in 
the planet ; but its continuing so long visible, while all the 
time undergoing changes, which though slow in appearance 
are in reality stupendous, show that this part, at any rate, of 
the planet is the scene of disturbances utterly unlike any 
which are taking place on our earth. 

On Saturn there have been spots and other markings 
which, though not so remarkable as the great spot on Jupiter, 
have been quite sufficient, especially when the much greater 
distance of Saturn is taken into account, to establish the 
occurrence of disturbances utterly inconsistent with the idea 
that Saturn is a habitable globe. 

But it is when we examine the changes which have taken 
place in the outline of the giant planets that we perceive how 
unlike these orbs are to our own earth. 

Take first the distortion of Saturn, which has been called 
the planet's 'square-shouldered aspect* Seen by Sir W. 
Herschel in 1805, with three different telescopes, and then 
made the subject of measurement, this peculiarity of figure 
might, from that series of observations alone, be accepted as 
indicating a real objective change. But the distortion, and 
others as remarkable, have been observed by Sir John 

M 2 
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Herschel, by the Bonds, in America, than whom no better 
observers ever lived, by Coolidge, another American observer* 
It has been more than once observed by Sir George Airy. 
And even those unimaginative persons — or rather, those 
persons whose duty it is to set imagination altogether on one 
side— the regular observers at Greenwich, record as calmly 
as one might note that a cloud had changed in form, that 
'from time to time this year' (1865 I think it was) the planet 
Saturn has assumed the square-shouldered aspect We are 
bound to believe that tHe planet's outline had really changed. 
Of course no solid surface had risen or sunk to the enormous 
distance, and over the enormous extent of surface, necessary 
to produce the apparent change. But layers of clouds must 
for the time have formed above the sub-tropical zones of 
Saturn, at a height great enough to produce the apparent 
bulging out of the globe along those zones. Or else the 
equatorial cloud-zones must for the time have changed from 
the form of visible cloud to that of invisible vapour. Or, 
more probably, changes of both kinds have taken place. But 
although such cloud-changes are far less wonderful to think 
of than changes of equal range in the level of the planet's 
solid surface, they imply tremendous activity, produced no 
doubt by tremendous heat 

In the case of Jupiter, though Schroter notices occasional 
flattening of the outline of the disc, which, though slight in 
appearance, would, if real, have involved great changes in the 
planet's cloud envelopes, we have no satisfactory evidence of 
the kind just described in Saturn's case. Schroter, though a 
careful observer, may have been deceived, and no others have 
noted such apparent changes of form. But we have evidence 
of another kind, which is, if possible, even more convincing. 

The outline of Jupiter is ordinarily estimated by the eye 
without any extraneous means of measurement Indeed, 
even such measurement as Sir W. Herschel applied to Saturn 
is insufficient to detect the slight differences of level which 
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seem to be indicated by observations like Schroter's. But 
there are occasions when disc-measurers, far more trustworthy 
than any instruments men could devise, come into positions 
•enabling us to recognise, at any rate, changes of particular 
kinds. These are the satellites, which pass alternately in 
front of Jupiter's disc and behind it, nearly always (in the 
case of the inner satellites always) transiting the disc and 
being hidden (or occulted) by it, once in each revolution 
, around the planet Now theoretically we could recognise 
changes in the outline of the disc by careful observation of 
the time at which transit or occultation began or ended. For 
clearly if the outline were unusually expanded or contracted 
where a satellite approached it, the transit would seem to 
begin earlier or later, respectively ; if there were expansion 
or contraction when the satellite was about to leave the disc, 
transit would seem to end later or sooner, respectively ; and 
there would be corresponding time differences for the begin- 
ning and end of occultation. But as a matter of fact the 
observation of the times of entrance and exit, &c, is too 
delicate to be available, in the present position of observa- 
tional astronomy, in this manner. But if it so chanced that a 
change of level were taking place at the moment when transit 
or occultation began or ended, such change occurring at the 
spot where the satellite was, then we might fairly hope that 
owing to the proximity (apparent only, of course) of the 
satellite, the change in the outline of the disc might be de- 
tected. It would only be on very rare occasions that this 
could be expected, but clearly it might happen, if the giant 
planets are in the condition we have surmised. 

Now just such a case is recorded by Admiral Smyth as 
having happened in 1828. Here is the account given by a 
writer by no means too imaginative — Webb, in his ' Celestial 
Objects ' : ' The most surprising ' (we would give the noun- 
substantive, but there is none, probably ' observation/ or 
4 peculiarity/ or something of that sort) — ' the most surprising 
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is a phenomenon which requires and possesses the highest 
attestation. 1828, June 26, II.' (the second satellite countings 
from the planet) 'having fairly entered on Jupiter, was found 
twelve or thirteen minutes afterwards outside the limb> where 
it remained visible for at least four minutes, and then suddenly- 
vanished. The authority of such an observer as Smyth 
would alone have established this wonderful fact ; but it was. 
recorded by two other very competent witnesses ; and (what 
is especially remarkable) at considerable distances, Maclear 
at twelve miles, and Pearson at thirty-five miles, from Smyth 
at Bedford. Explanation is here set at defiance ; demon- 
strably neither in the atmosphere of the earth nor Jupiter, 
where and what could have been the cause ? At present we 
can get no answer/ 

But the spirit in which science advances is not in accord 
with this ' calm submission ' to leave a striking observation 
unexplained ; and this observation can not only be explained,, 
but by the very singularity of its nature absolutely forces its 
explanation upon us. We know that the satellite had not 
really shifted as it seemed to have done, nor had Jupiter's 
whole bulk shifted. The outline of Jupiter's disc, however,, 
had unquestionably shifted. Either then the solid crust of 
Jupiter had risen and sunk over millions of square miles* 
through several thousand miles, or a change affecting his 
cloud envelope had taken place. No one can doubt between, 
these two interpretations. Such a change in the solid matter 
of the planet would have produced a heat sufficing to liquefy,, 
if not to vaporise, the whole of that region of the planet, 
which would therefore have glowed with intense lustre On 
the other hand, a change in the cloud wrappings of the planet 
could have very readily taken place, an outer layer disappear- 
ing and again reappearing, as some warm breath from the 
surface below caused the l visible steam ' forming the outer 
cloud layer to change to the invisible vapour of water pre- 
sently to return to visibility as the added warmth passed away 
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It should be noticed that the question is not whether this 
explanation of the remarkable phenomenon is antecedently 
likely or not The explanation is absolutely forced upon us. 
We cannot in any way escape it. But as a mere matter of 
fact we have seen that other evidence does render it likely 
that what was thus observed should actually take place. 

Now the next cases are again precisely such as we might 
expect to recognise, yet the point to be noticed in their case 
also is that we should have no choice but to accept the ex- 
planation, even were it antecedently most unlikely. 

Mr. Todd, Government Astronomer at Adelaide, has, 
during the last few years, paid special attention to the pheno- 
mena of Jupiter's satellites, in order that the movements of 
these bodies might be more thoroughly reduced to system. 
Now this excellent observer has on more occasions than one 
noticed that when a satellite has been occulted, passing behind 
the planet's disc, the whole circular disc of the satellite has 
remained visible behind the disc of Jupiter. Mr. Todd's 
assistant confirmed the observation. The instrument used 
was a fine telescope, by Cooke, of York, having an object-glass 
eight inches in diameter. 

In this case the satellite, a globe at least 2,000 miles in 
diameter, was entirely visible, although the disc of Jupiter 
apparently extended, so that if it had been absolutely opaque 
the satellite would have been entirely hidden. Clearly then 
the part of the planet through which the satellite was seen 
was not absolutely opaque. But supposing only half the 
satellite visible (although Mr. Todd told me, as he also stated 
in his account of the observation, that the whole disc was 
seen), the centre of the satellite's disc was yet seen through 
18,000 miles of the planet's cloud-laden atmosphere. The 
clouds must have been very thinly strewn through this part, at 
any rate, of the Jovian air for the satellite to be seen through 
so enormous a range of view. 

Lastly, in February 1880, Jupiter passed over a small star 
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(barely visible to the naked eye) in the constellation Aquarius. 
The phenomenon was visible from the southern observatories, 
and Mr. Ellery, Government Astronomer at Melbourne, 
observed it under favourable conditions. To this skilful 
observer, and to his not less skilful assistant, Mr. Turner, 
the star continued visible after the planet's edge had passed 
beyond it, a distance corresponding to full 500 miles of depth 
of Jupiter's atmosphere. The star was thus seen through a 
range of more than 6,000 miles of cloud-laden air. This part 
then of the planet, so far from being solid, is atmospheric and 
of little density, with clouds scattered so sparsely through it 
that even the faint lustre of a sixth magnitude star — a mere 
point of light — can make its way through. 

We may infer then, in fine, seeing that the evidence is so 
varied in character, and the conclusion antecedently so likely, 
that the giant planets, Jupiter and Saturn, are as yet only in 
the stage of preparation to become fit abodes for living crea- 
tures. On a very moderate assumption as to the duration of 
.the various stages of a planet's life, millions of years must pass 
before either planet can become a habitable world. 

If Saturn were a habitable world the physical conditions 
and phenomena of Saturn's globe would be affected in a 
marked manner by the rings that circle about him. Let us 
examine the nature of these effects, and the manner in which 
they are produced. 

In the first place, neglecting all consideration of the 
illumination of the system, let us consider what parts of the 
rings are above the horizon, and what are the apparent 
outlines of such parts on the celestial sphere, for different 
latitudes on Saturn's surface. We may also, for the present, 
neglect the refractive effects of Saturn's atmosphere. 

In fig. 2, Plate X., let net// represent a section of the 
planet's globe through the centre O ; and let NLL'n' represent 
the corresponding section of the ring, — A a' being the sections 
of the division between the two bright rings, M L and m' 1/ 
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the sections of the dark ring. Let nf. be thfe north pole and 
s.p. the south pole. Thus if the figure be supposed to revolve 
about the line P O p' it would generate surfaces representing 
Saturn's globe and rings. Now imagine a spectator placed 
at the north pole n.p. : — the pole of the Saturnian celestial 
sphere is seen at his zenith, in the direction p P ; his rational 
horizon is the celestial equator ; and it is perfectly clear that 
the rings are altogether invisible to him whether he looks 
towards H or h" or in any direction in the plane generated 
by the revolution of H h" about the axis P p'. Suppose now 
that he advances along the meridian n a mite: — The point 
of the horizon towards which he is advancing becomes the 
south point as soon as he has left the pole, and the pole of 
the celestial sphere leaves the zenith-point towards what is 
now the north point of the horizon ; as he advances, the south 
point of the horizon falls lower and lower below the celestial 
equator, until he reaches the point n (in which a tangent 
from N meets the ellipse nev! S), when the outer edge of the 
ring becomes visible at the south point of the horizon. Con- 
tinuing to advance, more and more of the outer ring becomes 
visible, the outer edge appearing as an arch in the southern 
horizon ; and soon after he passes a (on the northern arctic 
circle of Saturn's globe 1 ) the inner edge of the outer ring 
becomes visible at the south point of the horizon. Soon 
after, the outer edge of the inner bright ring appears ; and 

1 The point a is determined by an inclination of a A, the tangent at a to the 
ellipse n e vl /, at an angle of 26 49/ 28" to the line non'; z a k, the vertical at 
the point a of the Saturnian globe, is therefore inclined at the same angle to p o p\ 
In like manner, the point / on the northern tropical circle of Saturn's globe is 
determined by an inclination of * /£, the vertical at t % in an angle of 26 49' 28" 
to the line non"; / t the tangent at / is therefore inclined at the same angle to 
pop'. The points t and a' on the southern hemisphere are determined in a 
similar manner. It may be noticed that * k is parallel to t T, the tangent at t ; 
and z^is in like manner parallel to a a, the tangent at a. The vertical at any 
point of Saturn's globe meet eoJ farther from o as the point is farther from 
cither pole ; thus at a point very near e or 4 the distance from o of the point in 
which the vertical meets eoe'y is ^ of the equatorial semi-diameter, or more 
than 6,000 miles, the compression of Saturn's globe being assumed at fa 
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when he reaches the point m (in which a tangent from M 
meets the ellipse nen'/) the inner edge of this ring appears. 
At / the inner edge of the dark ring becomes visible ; and 
after passing this point, parts of the complete system of rings 
are visible above the horizon, gradually rising higher towards 
the zenith, and * extending farther and farther towards the 
east and west points of the horizon. Finally, at e he sees 
the inner edge only of the ring, extending as a zone of 
variable width on the celestial sphere ; the prime vertical l 
divides this zone into two equal parts, and the width of the 
zone plainly diminishes from the zenith, where the ring's edge 
is nearest to the spectator, down to the horizon, where it is 
farthest from him. If we suppose our spectator to advance 
from e towards the south pole, it is clear that the rings pass 
over to the northern half of the celestial hemisphere, falling 
gradually farther and farther away from the zenith, and 
disappearing in an order the exact reverse of that in which 
they appeared. The same succession of phenomena would 
be presented if the spectator travelled along the other half 
of the meridian nen'/ 9 or along any other semi-meridian 
from the north to the south pole. Thus, if we imagine 
nev! J to represent, not a section, but a hemisphere of 
Saturn's globe, then np ri n" and n/ n' n" represent halves of 
polar regions within which the rings are altogether invisible ; 
naa' ri and naa'n' represent (approximately 8 ) the halves of 
zones within which part of the outer ring only can be seen ; 
a mm' a' and a m m' a' represent (approximately) the halves 
of zones within which parts of both the bright rings can be 
seen, but no part of the dark ring; ItfF and ltt'l' repre- 
sent the halves of zones in which parts of all the rings can be 
seen ; and finally tt tV represents one half of a zone within 

1 At this time the northern and southern poles of the heavens both appear in 
the horizon, towards h" and h respectively, and the celestial equator is the prime 
vertical. 

* The tangent from the inner point of the division at A falls near a towards m~ 
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which the inner edge of the dark ring appears above the 
horizon. 1 

It is easy to determine how much of each ring lies above 
the horizon of any point on Saturn's globe. Take, for 
instance, the point a : — it is clear that the horizon-plane at a 
("in other words, the plane touching the globe of Saturn at a) 
intersects the plane of the rings in a line through A, perpen- 
dicular to the line N O n'. Let fig. 3 represent part of the 
ring-system on the same scale as fig. 2, but viewed from 
above the plane of the rings ; let O be the centre of the 
system, and draw a line O N crossing the edges of the rings 
at the points L", m", a", and N, corresponding to the points 
L, M, A, and N, respectively, in fig. 2. Then, if we draw 
A A" a 7 at right angles to O N, it is clear that A a" a' repre- 
sents the line in which the horizon plane of the observer at a> 
fig. 2, meets the rings' plane ; thus the segment ANA 7 lies 
above the horizon of the point a. Similarly we obtain the 
segments MNM ; ,LN L 7 , and TNT 7 , lying above the horizons 
of the points m, /, and /, respectively ; and corresponding 
lines and segments for any other points of Saturn's globe. 1 

Again, it is easy to determine where an edge of a ring 
intersects the horizon of any point on Saturn's globe. Thus,, 
for the point a ; — a A, in fig. 2, is the distance of a from the 
line through A corresponding to A a" a 7 in fig. 3 ; hence, if 
in fig. 3, we take A 7 ' a, equal to a A in fig. 2, along N O, and 

1 If Saturn were a perfect sphere it would be easy to determine the extent of 
these zones of his surface ; since the surface of a zone of a sphere .* the surface 
of the sphere (or four great circles of the sphere) : : the distance between the planes 
of the bounding circles of the zone : the diameter of the sphere. In the case of 
an oblate spheroid, zones parallel to the equator bear a somewhat greater propor- 
tion than this to the surface of a sphere of diameter equal to the equatorial diameter 
of the spheroid : the reader acquainted with the elements of conic sections will 
easily see that a narrow zone represented by the line iff la zone of equal width 
(measured from plane to plane of its bounding circles) on a sphere of diameter 
€0/ : : the diameter conjugate to / o t' : the minor axis of the ellipse nen'e'. 

1 For a point on Saturn's equator we obtain the line e x e x' e', cutting off the 
largest segment of the system that can lie above the horizon of any point on Saturn's 
surface. 
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draw the lines a A and a A', the equal angles a a a!' and 
a! a a" are plainly the azimuths (measured from the south 
point) of the points at which the ring's outer edge crosses 
the horizon. In a similar manner, by taking the lines M" m 9 
L" /, and t" /, in fig. 3, respectively equal to M m, L /, and T /, 
in fig. 2, we obtain the corresponding azimuthal angles M m m" 
or m'iwm", l/l" or l'/l", and t/t" or t'/t". And if 
we draw / U, / u', / V and / v', we obtain the azimuths of the 
points at which the inner edge of the inner bright ring 
crosses the horizons of the points / and / respectively. We 
may obtain the corresponding azimuths in a similar manner 
for any point on Saturn's globe and for either edge of any 
ring. 

It is also easy to determine the altitude of the point at 
which an edge of a ring crosses the meridian of any point on 
Saturn's globe. Take, for instance, the point / in fig. 2, and 
join / N ; then the angle N/T at which /N is inclined to /T 
(the tangent at / to the ellipse nen'e') plainly gives the 
altitude of the point at which the outer edge of the ring 
crosses the meridian— in other words — of the point N. The 
angle Z/N is the zenith distance of the same point If /S is 
drawn parallel to N O N', it is clear that the angle s / T gives 
the meridian altitude of the celestial equator above the 
horizon of / ; hence S / N gives the southerly declination of 
the point N of the ring's outer edge. In a similar manner 
the altitude of the point in which either edge of any ring 
crosses the meridian of any point on Saturn's globe may be 
determined. 

Let us next consider the form of the arched outline of the 
edge of a ring. If it were possible to view the rings from any 
point in the line POP', it is clear that all the edges would 
coincide with declination-parallels on the celestial sphere, since 
the lines of sight from a fixed point in pop' to points in the 
circumference of the ring's edge, would be inclined at a 
constant angle to the line POP 7 . But since all the points on 
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Saturn's surface from which the rings are visible, lie at a great 
distance from POP', the edge of a ring (or, at least, that part 
of the edge which is visible) is viewed eccentrically. Now a 
circle viewed eccentrically from a point above its plane appears 
as an ellipse ; and the greater the distance of the point of 
view from the perpendicular through the centre, in proportion 
to the diameter of the circle, the more eccentric such ellipse 
will appear. Hence the outlines of rings will not appear to 
coincide with declination-parallels ; and the deviation will be 
more marked in the case of the outline of an inner, than in 
that of an outer ring. It is easily seen that a declination - 
parallel through the point in which an edge of a ring crosses 
the meridian, falls below the apparent outline of the ring's 
edge on each side of the meridian, touching that outline on 
the meridian. Take, for instance, the point /, fig. 2, Plate 
XL, and suppose a perpendicular let fall from / on the plane 
of the rings ; with the foot of this perpendicular as centre, 
imagine a circle described in the plane of the rings through 
the point N ; this circle will fall within the outer edge of the 
outer ring, touching that edge at the point N. Now this 
circle, viewed from /, would coincide with a declination-parallel 
on the celestial sphere ; and the outer edge of the outer ring, 
viewed from /, would obviously appear to touch this circle 
(and therefore a declination-parallel) upon the meridian at N, 
and to pass above it on either side of the meridian. The 
same may be proved of the other edges of the rings, and from 
whatever point of Saturn's globe these may be viewed, except 
of course, from points on Saturn's equator. It follows that 
the visible part of a declination-parallel passing through the 
points in which the outline of any ring meets the horizon, lies 
altogether above that outline. 

I have calculated the relations here considered for all 
latitudes within which any part of the rings can be seen. 
Some of the results of this calculation are worthy of notice, 
and indicate conditions very different from those imagined by 
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Dr. Lardner. Thus, if we take the latitude 40 north (cor- 
responding nearly to the latitudes of New York, Madrid, 
Bokhara, and Pekin, on our globe). It appears from the calcu- 
lation, that in this latitude the outer edge of the outer ring 
crosses the horizon at two points, 69 36' east and west of the 
south point ; attains an altitude of 30 on the meridian, and 
an arc of 114 2' — or somewhat less than one-third of the 
edge— lies above the horizon ; similarly the inner edge of the 
outer ring crosses the horizon 65 57' east and west of the 
south point,- and attains an altitude of 26 1 1' on the meridian, 
an arc of 104 2' lying above the horizon. Thus the outer 
ring covers two arcs of 3 39' on the horizon and an arc of 3* 
49' on the meridian. Although the arc on the horizon is 
nearly as great as the arc on the meridian, yet it is easily seen 
that the apparent breadth of the arch presented by the ring is 
much greater on the meridian, for whereas the meridian crosses 
the arch at right angles, the horizon crosses it at an acute 
angle ; so that the apparent breadth of the arch near the 
horizon is much less than the arc of the horizon covered by it 
Thus in north latitude 40 on Saturn's globe, the outer ring 
appears as a zone crossing the horizon towards the points 
E.S.E. and W.S.W., attaining a meridian altitude of 30 ; and this 
zone increases in width from the horizon to the meridian, 
where its width is about seven times as great as the apparent 
diameter of our moon. Similarly it may be shown that the 
inner bright ring rises as a much wider zone towards the 
points S.E. by E. and S.W. by W. of the horizon ; the upper 
edge of the zone rises to an altitude of 25 22', the lower to an 
altitude of 12 22', only, on the meridian ; thus the greatest 
width of the zone is 13 , or more than 25 times the apparent 
diameter of the moon. The great division between the rings 
forms a zone between them, whose greatest width (where the 
zone crosses the meridian) is less than 49', ' or about three 

1 The arcs of the horizon and meridian covered by the rings are somewhat 
greater than the arcs given by my calculation, and the arcs covered by the division 
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semi-diameters of the moon. The dark ring covers nearly 
the whole space within the inner edge of the inner bright ring ; 
for the inner edge of the dark ring crosses the horizon 13 55' 
on each side of the meridian, and rises on the meridian to an 
altitude of only 46', so that only a narrow strip of sky, about 
28 from point to point and about three semi-diameters of the 
moon in width on the meridian, is left uncovered by the rings 
on the southern horizon. Again, it appears from the calculation 
that the meridian-altitude of a declination-parallel through 
the point (which call a) in which the outer edge of the 
system meets the horizon, is 34 31', or 4 31' greater than 
the altitude of this edge where it crosses the meridian (say B) ; 
and that a declination-parallel through B crosses the horizon 
at distances 63 29' on either side of the south point, or 6° f 
nearer than A to the south point : and similarly a declination- 
parallel through a' crosses the meridian 7 38' above B', and 
a declination-parallel through B / crosses the horizon 12 f 
nearer than A' to the south point Hence a star rising at A 
culminates 4 31' above B; a star culminating at B is alto- 
gether hidden by the bright rings, except for a very brief 
interval when it crosses the division between the rings ; a star 
rising at A' is altogether hidden by the inner bright ring, being 
5° 22' from the division between the rings even at culmination ; 
and lastly, a star culminating at B is visible (through the dark 
ring) throughout its path above the horizon. Hence many 
stars must remain altogether invisible until the slow proces- 
sional motions of Saturn's equinoctial points so far alter the 
declinations of such stars as to remove them from the invisible 
zone of the Saturnian heavens. 

In a similar manner the appearance of the rings for any 
latitude may be determined. At Saturn's equator, the edge 

somewhat less ; for the thickness of the rings has not been taken into account in 
the calculation. Thus in latitude 5 the division between the rings would hardly be 
visible if the thickness of the system were 100 miles. The corrections due to 
this cause amount, however, only to a minute or two of arc in general. 
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of the ring being turned towards the planet, it is probable, 
from the appearance of the rings when their edges are turned 
to the earth, that an irregular zone of variable appearance is 
turned towards the Saturnians. Assuming the dark ring to 
be only indistinctly visible, and the inner edge of the inner 
bright ring to be 1 00 miles in thickness, it would form a 
narrow zone broadest overhead. The width of the zone thus 
presented would at the zenith be nearly two-thirds, at the 
horizon about one-fourth, of the apparent diameter of the 
moon. The absolute extent of surface of the ring-system 
visible above the horizon is greatest for latitudes near the 
equator, 1 but the apparent surface of the celestial sphere 
covered by the rings attains its maximum extent in higher 
latitudes. The arcs of the meridian covered, respectively, 
by the outer ring, the division between the rings, the inner 
ring, and the dark ring, attain their maximum values in 
about latitudes 45°, 40 , 32 30', and 21 ; while the arcs of 
the meridian covered, respectively, by the system of bright 
rings, and by the complete system of rings, attain their maxi- 
mum values in about latitudes 35 and 29 . 

It is clear that the bright rings would be plainly visible 
from parts of that hemisphere, only, of Saturn which lies 
above their illuminated face. From the other hemisphere 
the rings are traceable in their effects in occulting the stars 
or other celestial bodies whose arcs above the horizon pass 
wholly or in part behind the rings. Those rings may also 
reflect a faint light received from Saturn's moons. The dark 
ring may possibly be visible in both hemispheres, since the 
satellites composing it are probably separately visible from 
Saturn's surface. By day, the rings are either altogether in- 
visible, or only appear as clouds of faint light below the sun's 
diurnal path. It might at first sight be supposed that the 

1 It is easily calculated that the surface of either face of the ring-system above 
the horizon at the equator is equal to about ftths of the whole surface of either 
face, considered as extending from the inner edge of the dark ring to the outer 
edge of the outer bright ring, without regard to divisions. 
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circumstance that these rings are composed of disconnected 
satellites, must have a marked effect, whether such satellites 
are separately visible or not ; that the satellites in different 
parts of their revolution about the planet must exhibit such 
phases as our own moon, and that parts of the ring in which 
all the satellites are ' full ' or nearly full, must present a much 
larger amount of illuminated surface to the planet than parts 
in which all the satellites are 'new' or nearly new. A little 
consideration will show that this is not actually the case. The 
appearance of the system shows that the satellites composing 
it must be very numerous and closely packed : thus the 
effects of mutual eclipses and occupations among the satellites 
counterbalance the effects due to their phases, and the ques- 
tion of illumination may be considered precisely as it would 
on the assumption that the rings are solid bodies. Now the 
brilliancy of an illuminated surface (beyond the earth's atmo- 
sphere) does not vary with the distance of the observer, nor 
with the angle at which he views the surface ; these circum- 
stances affect the apparent magnitude of the object, and, in 
the same proportion, the total amount of light received by 
the observer, but theintrinsic brilliancy of the object remains 
unaltered. The apparent brilliancy of an illuminated surface 
varies, however, with the angle at which the illuminating body 
is elevated above that surface. 1 Hence the apparent brilliancy 
of the rings at any instant is the same throughout their visible 

1 It appears from these considerations that Professor Challis is in error when 
he states that a ' distant spherical body shining by reflected light would appear 
equally bright at all points of the disc' (Article on the Indications by Phenomena 
of Atmospheres to the Sun, Moon, and Planets, — ' Reports of the Astronomical 
Society,' June 1863). A self-luminous spherical body whose surface is uniformly 
brilliant would so appear, and therefore we may accept the diminution of bright- 
ness near the sun's periphery as an indication that the sun has an atmosphere ; 
but in the case of a sphere shining by light received from a distant luminous body, 
the illuminated hemisphere is not uniformly brilliant, and therefore the disc pre- 
sented by it exhibits corresponding variations of brilliancy. An atmosphere sur- 
rounding a planet, by tending to equalise the illumination of the planet's surface, 
would diminish rather than increase this variation ; in fact, there is no resem- 
blance between the cases of a self-luminous sphere and of a sphere shining by 

N 
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extent, and {cateris paribus) from whatever part of the hemi- 
sphere above their illuminated side they may be viewed ; but 
such brilliancy varies with the sun's changes of declination, 
increasing gradually from the vernal equinox to the summer 
solstice, and thence decreasing to the autumnal equinox. 

Between the vernal equinox and the summer solstice of 
either hemisphere, the shadow of the planet on the rings 
assumes successively all the forms indicated in Plate XL 1 
At the vernal equinox the edges of the shadow are straight, 
as in fig. I ; at and near the summer solstice the outline of 
the shadow is part of an ellipse, an extremity of whose longer 
axis lies within the outer edge of the rings ; in all interme- 
diate cases the outlines of the shadow are parts of an ellipse 
of considerable eccentricity. The interval of time in which 
the shadow changes from the form indicated in one figure to 
that indicated in the next is about 384 days. It is easy to 
determine the manner in which the vast shadow of the planet 
sweeps over the illuminated face of the rings. At sunset, at 
and near either equinox, the rings are illuminated throughout 
their visible extent in all latitudes. Near the equator the 
shadow of the planet rises in the east, as soon as the sun has 
set,' eclipsing at once the whole breadth of the rings near the 

reflected light, as regards the effects to be attributed to the presence of an atmo- 
sphere. 

The variation of brilliancy is sufficiently conspicuous in the discs of the planets 
Saturn]and Jupiter ; and though these planets never present a gibbous appear- 
ance, yet there is a perceptible difference in the illuminations of opposite sides 
of the disc when the planets are in or near quadrature ; see the figures of Plate 
I. Similar variations of brilliancy are exhibited by Venus and the moon, when 
horned or gibbous. When the moon is full the variation is also traceable, but 
less clearly, owing to the irregularities of her surface. An examination of the 
general brilliancy of different parts of the lunar disc confirms the views of the 
moon's form (as respects her visible hemisphere) presented by Hansen in 

1854. 

1 The point of view in these figures is supposed to lie in the axis produced of 

the planet ; the lines a a', l l\ mm',tt / and e e', correspond to the lines 

similarly lettered in fig. 3, Plate X. ; and the circles nttn", aa'af, Iff, mntnt % 

tt? and etc" to the lines similarly lettered in fig. 2, Plate X. 

* Owing to refraction the shadow doubtless rises before sunset, just as the 
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horizon ; in higher latitudes the shadow rises later, eclipsing 
first the outer edge of the rings. Later in the Saturnian year 
the curvature of the shadow shows its effect ; the parallel of 
latitude within which the eclipse commences along the inner 
•edge of the rings passing higher and higher, until it includes 
all latitudes within which the rings are visible. Near the 
summer solstice the outer edge of the outer ring is not eclipsed 
at all. The shadow also rises later and later to midsummer ; 
but as the nights grow shorter and shorter, and as in high 
latitudes this change takes place at a greater rate than the 
change in the hour at which the shadow rises, it will happen 
that, in high latitudes, great parts of the ring are already in 
shadow when the sun has set. In all latitudes and at all 
seasons the central line of the shadow crosses the meridian at 
midnight. At this hour a very small part of the ring is 
visible, even from points near the equator, near the time of 
either equinox ; but, for about three years, near the time of 
the summer solstice, the outer edge of the ring is not in shadow 
At midnight. At this time the system must present a magni- 
ficent appearance, as a vast double arch of light, indented by 
a broad elliptical shadow. Owing to the refractive effects of 
Saturn's atmosphere, the outline of the shadow is probably 
fringed with a wide ruddy or copper-coloured penumbra. 1 
The central line of the shadow sweeps uniformly round the 
rings, the shadow disappearing, at or before sunrise, in the 
-west, in the same manner (at all seasons and in all latitudes) 
as it had appeared in the east. The changes taking place 
from the vernal equinox to the summer solstice are repeated 



-eclipsed moon is sometimes visible while the sun is yet apparently above the 
horizon. 

1 No attempt has been made in Plate XI. to indicate either the form of such 
penumbras or the twilight-circle bordering the parts of the planet in shadow. 
The extent of these depends altogether on the unknown extent and refractive 
powers of Saturn's atmosphere. The true penumbra, or that due to the apparent 
*ize of the sun's disc, is too small to be appreciable either in these figures or in 
the figures of Plate XII. 

N 2 
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in reverse order from the summer solstice to the autumnal 
equinox. 

In his ' Outlines of Astronomy/ Sir John Herschel states 
that * the regions beneath the dark side ' undergo c a solar 
eclipse fifteen years in duration.' Dr. Lardner appears to- 
have imagined that Herschel supposed the whole hemisphere 
beneath the dark side of the ring to undergo a total eclipse 
fifteen years in duration ; and, in a paper read before the 
Astronomical Society in 1853, he endeavoured to show ' that 
by the apparent motions of the heavens produced by the 
diurnal rotation of Saturn, the celestial objects, including the 
sun and the eight satellites, are not carried parallel to the 
edges of the rings ; thftt they are moved so as to pass alter- 
nately from side to side of these edges ; that, in general, such 
objects as pass under the rings are only occulted by them for 
short intervals before and after their meridional culmination ; 
that although, under some rare and exceptional circumstances 
and conditions, certain objects, the sun being among the 
number, are occulted from rising to setting, the continuance 
of such phenomena is not such as has been supposed, and the 
places of its occurrence are far more limited.' l It will appear,, 
however, on a more exact examination, that Lardner was in 
error on nearly every point he imagined he had established. 

There are two methods by which astronomers determine 
the occurrence and nature of a solar eclipse. In one, the 
apparent paths of the sun and moon on the celestial sphere 
are examined for short intervals of time before and after the 
time of new moon ; and the moments of first and last contact 
and of central eclipse are thence deduced. In the other, a 
spectator is supposed to view from the sun the passage of the 
moon's disc across the larger disc of the earth ; the manner 
in which the given place on the earth's surface would appear 
to move, if viewed from the sun's centre during the time of 
passage, is easily determined ; and the moments of first and 

1 Dr. Lardner's ' Museum of Science and Art,' vol. i. p. 59. 
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last contact, and of central eclipse, are determined from the 
simple principle that if the given point on the earth is so 
situated that it would be invisible from a given point of the 
sun at any instant, then such point of the sun must also be 
invisible from the given point on the earth, or, in other words, 
•eclipsed. 

The application of the first method to the eclipses of 
Saturn's surface by his ring-system is simplified by the con- 
sideration that the rings occupy an invariable situation on the 
celestial sphere of any given point on Saturn's surface. At 
the autumnal equinox of either hemisphere the sun has at 
rising an azimuth of 90 (in other words, the sun rises in the 
east), and attains a meridian altitude equal to the complement 
of the latitude. After the autumnal equinox the sun passes 
to the south of the celestial equator in northern, to the north 
in southern latitudes ; and as his declination increases his 
meridian altitude and azimuth at rising diminish. At length 
the sun crosses the horizon at the points in which the outer 
edge of the outer ring meets the horizon. From this time the 
sun is eclipsed after rising and before setting for intervals of 
gradually increasing length, until he crosses the meridian at 
the same point as the outer edge of the outer ring. From 
this time the sun is eclipsed throughout the day (except, in 
certain latitudes, for two intervals of a few minutes, during 
which he is seen between the rings), until at rising and setting 
he crosses the horizon at the points in which the inner edge 
of the inner ring meets the horizon. From this time the sun 
is visible (through the dark ring), after rising and before 
setting, for intervals of gradually increasing length, until he 
crosses the meridian at the same point as the inner edge of 
the inner ring. From this time he is visible throughout the 
day (neglecting the partial eclipses probably caused by the 
<lark ring) until the winter solstice, and for a corresponding 
interval after the winter solstice. During the quarter of a 
Saturnian year from the winter to the vernal equinox a similar 
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series of eclipses takes place in reverse order. In latitudes-* 
higher than 19 50' the sun does not reach the point B* ; so 
that in these latitudes eclipses in the middle of each day 
continue to the winter solstice. Again, in latitudes higher 
than 35 52' the sun does not reach the point a', so that in 
these latitudes eclipses lasting throughout the day continue to- 
the winter solstice. 

The intervals during which eclipses of each kind are 
continued can be roughly determined by construction in the 
method indicated at page 164. In the first edition I gave a 
table containing the more trustworthy results of calculation. 
In this it was shown that, even at the equator, the sun is 
totally or partially eclipsed for several days ; but that the 
periods of eclipse increase rapidly with the latitude. Thus, 
in latitude 40 , the eclipses begin when nearly three years 
have elapsed from the time of the autumnal equinox. The 
morning and evening eclipses continue for more than a year, 
gradually extending until the sun is eclipsed during the whole 
day. As the sun does not reach the point a' in these latitudes, 
these total eclipses continue to the winter solstice and for a 
corresponding period after the winter solstice ; in all for 6 
years 236*4 days, or 5S43'0 Saturnian days. This period is 
followed by an interval of more than a year of morning and 
evening eclipses. The total period during which eclipses of 
one kind or another take place is no less than 8 years 292*8 
days. In a similar manner the eclipses for other latitudes, 
were determined. If we remember that latitude 40 on 
Saturn corresponds with the latitude of Madrid on our earth,, 
it will be seen how largely the rings must influence the 
conditions of habitability of Saturn's globe, considered with 
reference to the wants of beings constituted like the inhabi- 
tants of our earth. 

The second method of determining the extent and 
duration of solar eclipses — called the method of projecting^ 
eclipses — is less exact than the former, but better adapted 
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for illustration. The figures of Plate XII. represent Saturn 
as he would appear if viewed from the sun at the vernal 
equinox of the northern hemisphere (fig. 1) ; at the summei 
solstice of the same hemisphere (fig. 8) ; and at six inter- 
mediate periods. 1 These epochs correspond with those of 
the figures of Plate XL, and, like them, are separated by 
equal intervals of 384 days. The arctic circles are represented 
by the lines a a! 0" and a a' a", the tropics by the lines / f f and 
t tf t", the equator by the line e e' *", and the north pole by 
the point /, in each figure (see Chapter IV.) ; the rings 
are supposed to be removed, and their shadows on the 
planet's disc thus rendered visible. 2 These shadows pass to 
the southern hemisphere at the autumnal equinox of that 
hemisphere, travelling rapidly southward at first, but more 
slowly as their width increases ; and about two years before 
the winter solstice their lower edge of the black shadow 
passes beyond the lower edge of the disc. The five dotted 
parallels of latitude in each figure (except fig. 1) represent : — 
The parallel just reached by the lower edge of the black 
shadow ; a parallel passed over by this edge ; a parallel just 
within the upper edge of the black shadow ; a parallel just 
clear of this edge ; and a parallel just clear of the dusky 
shadow of the dark ring. Now, owing to the rotation of 
Saturn on. his axis, any point on his surface would appear to 
an observer in the sun to travel along a latitude-parallel, 
appearing on the left edge of the disc (the moment of sunrise 
at the place), and disappearing on the right (the moment of 
sunset at the place). Hence, a place between the lowest pair 
of dotted parallels in any figure (that is, at the epoch repre- 
sented by such figure) would be in shadow in the morning 
and evening, dipping below the shadow in the middle of the 
day ; a place, between the second and third dotted parallels 

1 Fig. 1 corresponds to Saturn's position on the 18th of May, 1862 ; fig. 8, to 
his position in March, 187a 

* To avoid confusion the line of light corresponding to the division between 
the rings is omitted in the figures of Plate XII. 
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(counting upwards) Jwould be in shadow throughout the day , 
a place between the third and fourth would not be in the black 
shadow in the morning and evening, but would dip within it 
in the middle of the day ; and, lastly, a place within the two 
upper dotted parallels would not be in the dusky shadow in 
the morning and evening, but would dip within it in the middle 
of the day. These results correspond with those already ob- 
tained, and the figures of Plate XII. sufficiently indicate the 
vast extent attained by the shadow near the time of the winter 
solstice, and the consequent long duration of eclipses, in 
latitudes not very near the equator. The shadow of the ring- 
passes through the same changes of form in inverse order 
between the winter solstice and the vernal equinox of the 
southern hemisphere ; but the pole of the planet passes to 
the left, so that at the latter period fig. I inverted represents 
the disc of the planet The other figures inverted indicate 
the manner in which the shadow sweeps across the northern 
hemisphere to the winter solstice of that hertiisphere. The 
shadow, in returning, passes through the same changes, but 
in inverse order, and sloped towards the left instead of towards 
the right. Thus, at the end of the Saturnian year the appear- 
ance of the disc is again as in fig. I. 
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NOTE A. 

CHALDiEAN ASTRONOMY. 

The Planetary Five 

With a submissive reverence they beheld ; 
Watched from the centres of their sleeping flocks 
Those radiant Mercuries, that seemed to move 
Carrying through aether in perpetual round 
Decrees and resolutions of the gods. 

Wordsworth. 

In many parts of the East astronomical systems are found which bear 
obvious traces of a common origin. We find in all the same duo- 
decimal division of the Zodiac ; l the week used as a division of time ; 
the planets associated in the same order with the days of the week 
and the hours of the day ; * and other points of resemblance, suffi- 
ciently marked to leave little doubt that they are not accidental 

Meagre and imperfect as these systems now appear, there can be 
little doubt that the system from which they sprang was founded by 
astronomers of great ability, close observers and careful interpreters 
of nature. The origin of the system must be placed in a remote 
antiquity. The Egyptians, to whom the invention of astronomy is 
sometimes attributed, in all probability derived their system from a 
more ancient nation. The claims of the Chinese may be dismissed 
at once, if we consider the character of that people — apt to imitate 
but slow to invent When we examine the claims of *the Indians, 
Persians, and Babylonians, we are met by a singular circumstance : — 
Their systems of astronomy belong to a latitude considerably higher than 

1 The signs of the Zodiac are not the same in all the systems. The signs we 
use — the Ram, Bull, Twins, &c. — appear to have been derived from the Dode- 
catemoria of the Chaldseans ; the Chinese name the signs as follows : — The 
Mouse, Cow, Tiger, Hare, Dragon, Serpent, Horse, Sheep, Monkey, Cock, Dog, 
and Bear. 

* This order is as follows : — The Sun, the Moon, Mars, Mercury, Jupiter, 
Venus, and Saturn for the days of the week ; Saturn, Jupiter, Mars, the Sun, 
Venus, Mercury, and the Moon for the hours of the day,— the first hour of each 
day being associated with the planet that ruled the day. 
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the latitudes of Benares^ Persepolis, or Babylon. For the Brahmins 
teach in their sacred books that the longest day in summer is twice 
as long as the shortest day in winter, which is not the case in any 
part of India ; so also Zoroaster taught the Persians ; and Ptolemy 
obtained ancient Babylonian records of star-risings, and these belong 
to latitudes certainly not lower than the 40th parallel In the mea- 
surement of the earths circumference adopted by ancient astro- 
nomers, we have a singular confirmation of this circumstance. It 
corresponds to a latitude of about 45 ; and taking into account 
errors of observation, we must yet place the latitude of the country 
in which the measurement was effected somewhere between 35 ° and 
55 north. 

Struck by the singular circumstance that these nations should 
employ a system of astronomy with which the celestial phenomena 
visible to them do not even approximately correspond, Bailly was 
disposed to ascribe the invention of the system to an extinct race, 
whom he called the Atlantides. He placed the seat of this race 
in Tartary or Siberia ; but the cradle of the race, — and, indeed, of 
mankind — the Atlantis of Plato's Timaeus, he placed ' somewhere 
near the north pole.' Uncertain whether Iceland, Greenland, Nova 
Zembla, or Spitsbergen, were the true Atlantis, he avowed a prefer- 
ence for Spitzbergen as 'nearest to the pole.' He pleaded thus 
plaintively for these cheerless regions*: — 'Are not these countries 
miserable enough, deserted as they are by the sun ; covered with ice 
which grows thicker every year ; left desolate by the emigration of 
their inhabitants ? Shall we, too, abandon them ? Should we not 
rather console them for the losses they have sustained, and for their 
present state, by praising their former condition ? ' Accordingly he 
proceeded to claim so high a value for the scientific attainments of 
the race, as to give rise to the remark of D'Alembert, that 'the 
race appears to have taught mankind everything except their own 
name and existence.' 

There is no occasion, however, to seek in these uninviting regions 
either for the origin of the human race or of science. We may 
accept the traditions which point to the Chaldaeansas the first people 
who dwelt in cities and formed a nation. All that is necessary to 
reconcile their claim to the invention of astronomy with the facts 
stated above, is to suppose that they were not originally settled in 
Mesopotamia, where they afterwards appeared, but near Mount 
Ararat, and that the race spread themselves so far north as the Cau- 
casian range. It would be easy to account for their removal from 
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these regions. They were subdued by the Assyrians, and by the 
Babylonians ; and the deportation of conquered races was the 
common practice of both these nations : Chaldaean astronomy was 
already famous, so that it is in no way improbable that the monarchs 
of Assyria and Babylonia, anxious to attach the credit of so much 
learning to their own courts, 1 would remove the Chaldseans (even 
from such distant regions) successively to Nineveh and Babylon. 
That Mesopotamia was not the original seat of the race is evident 
from the words of the Book of Judith (undoubtedly written by a 
person well-informed respecting the Chaldaeans) : — 'This people' 
(the Jews) * is of the offspring of the Chaldaeans. They dwelt first in 
Mesopotamia, because they would not follow the gods of their fathers, 
who were in the land of the Chaldaeans ' : Judith, v. 6. 

Two arguments have been urged by Bailly against the claims of 
the Chaldaeans to the invention of astronomy. They were acquainted 
with the fact that comets are wandering members of our system, and 
Bailly finds a difficulty in understanding how the Chaldaeans should 
discover what Hevelius denied all his life, and what Cassini long 
considered doubtful. He does not tell us why the Atlantides should 
be better informed than the Chaldaeans. Possibly he considered 
that, having gone to the poles to invent a nation, he could assign to 
them what attributes he pleased ; or he may have wished to ' console 
them for their present state by praising their former condition ' ; 
otherwise, there is no nation of antiquity for whom comprehensive 
views of nature and a high amount of mental culture might be more 
justly claimed than for the Chaldaeans. Dr. Prichard, the celebrated 
ethnologist, considered that the Syro-Arabian or Semitic branch of 
the human family has at all times equalled in mental development 
the most favoured races of the Indo-European branch. 'The 
Semitic nations,' says Humboldt, ' afford evidence of a profound 
sentiment of love for nature ' ; and in another place he says, * a grand 
and contemplative consideration of nature was an original character- 
istic of the Semitic races.' 

Secondly, Bailly argues that the Chaldaeans were not sensible of 
the true value of the system they used. In support of this statement 
he urges that, although we learn from Berosus that the Chaldaeans 
were acquainted with the period of 600 years, which Cassini thought 

1 In the time of Daniel we find the Chaldseans set apart as a race devoted to 
the study of the stars, and laying claim to the possession of magical powers. It 
was part of their servitude to overawe the ignorant Babylonians ; they revenged 
themselves by deceiving their equally ignorant rulers. 
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so perfect, 1 they made little use of it Now, whatever the advantages 
of the period of 600 years — and Cassini greatly over-rated them — it 
is slightly cumbrous, and we cannot wonder that the Chaldaeans 
should employ their convenient Saros of 18 years, rather than a 
period of as many generations. 

It may, however, be admitted that the Chaldaeans, subdued suc- 
cessively under the despotic control of Assyrian, Babylonian, and 
Persian rulers, gradually lost the skill that had distinguished them in 
their days of freedom. The decay of science that usually follows the 
subjection of a nation, was hastened in the case of the Chaldaeans by 
other circumstances. Poetical, fanciful, and, like all Eastern nations, 
quick in tracing fanciful analogies, the genius of their race led them 
early to choose the heavenly bodies as types of the divine attributes, 
and, in later times, as objects of adoration. The planets were 
regarded with peculiar reverence, and the later Chaldaeans reposed 
undoubting faith in the influence of these orbs on the destinies of 
men and nations. 2 Such views must have proved a serious check 
upon their progress. Astronomical discoveries came to be jealously 
guarded as sacred secrets, to be revealed only to the initiated, and to 
them only by symbols. The spirit of inquiry and speculation began 
next to be viewed with suspicion and distrust ; astronomers contented 
themselves with handing down the records of observations, without 
discussing how far these tended to support or to modify the systems 
they had been taught Experience has repeatedly shown that the 
effects of such a course are not merely repressive, but destructive. 
Men can no more succeed in stereotyping a system of science than 
they can arrest the development of a tree without destroying it 

On the whole there appears to be no valid reason for rejecting 
the traditions which attribute the origin of astronomy to the Chal- 
daeans, and which assign a high value to the system they founded, 
and to the accuracy and extent of their observations. The records 
that have been handed down to us are mixed up, however, with much 
that is false and exaggerated ; we have such fables as the tale of 
Ctesias, that the observations of the Chaldaeans had been continued 
for 470,000 years, during which time they had calculated the nativities 

1 ' Six hundred years,' Cassini wrote, ' is the finest period that ever was 
invented ; for it brings out the solar year more exactly than that of Hipparchus 
and Ptolemy, and the lunar month within one second of what is determined by 
modern astronomers.' 

* The Chaldaeans asserted that astrology was founded 'not in reason and 
physical contemplation, but in the direct experience and observations of past ages.* 
— Bacon's ' Advancement of Learning, 1 Book III., chap. iv. 
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of all the children that were born ; * they believed, also, we are told, 
that the earth is formed like a boat ; that the earth would be over- 
whelmed by a flood when all the planets were conjoined in Capricorn, 
and destroyed by fire when such a conjunction took place in Cancer ; 
and many other such fables have been handed down to us. On the 
other hand, many accounts of their observations, the periods they 
employed, and the discoveries they effected, agree very closely with 
the discoveries of modern times ; and it is not probable that these 
accounts were invented by the writers who relate them — often them- 
selves ignorant of astronomy. Thus we learn from Diodorus Siculus, 
and Apollonius Myndius, that the Chaldaeans maintained that comets 
are bodies travelling in extended orbits, and were able to predict the 
coming of some of these meteors. 1 They were acquainted with the 
precession of the equinoxes, making use of a tropical year of 365 
days 5 hours 49 minutes 1 1 seconds (only 25 seconds too great), 
and a sidereal year of 365 days 6 hours and 1 1 minutes (not quite 
2 minutes too great). The Chaldaeans were also acquainted, long 
before the Egyptians and Greeks, with the art of dialling. But the 
most remarkable evidence of their skill and ingenuity is undoubtedly 
the invention of the period called Saros 3 (or Restitution), by which 
they were able to predict lunar eclipses, and announce the days on 
which eclipses of the sun might be expected. This period is still 
used by astronomers, and is the best period of the kind ever invented. 
Its nature may be thus stated : — Eclipses of the sun and moon can 
only take place when the moon is new or full, and near one of her 
nodes ; thus the recurrence of eclipses depends chiefly on the 
common and nodical lunar months : but the apparent magnitude of 
the moon, and her position in the sky, must plainly affect the nature 
and visibility of an eclipse ; so that the recurrence of eclipses depends 
in part on the anomalistic and sidereal lunar months. Now, the 

1 This fable is referred to by Cicero, lib. ii., de Divinat. c. 97. Other accounts 
make the number of years 270,000. Proclus in Timaus, lib. i., p. 31. Diog. 
Laert. Praam, p. 3. 

3 The account that the Chaldaeans were able to predict earthquakes and 
inundations is possibly fabulous. It is not altogether impossible, however, that, 
close observers as they were of nature, and able to devote their whole time to 
watch her operations, they noted and recorded warning signs that escaped the 
notice of the less observant. 

* Hesychius says, Idpos kpi6p6t ns irapk Bafiv\a>vlois. The ancients were not 
well acquainted, however, in general, with the nature of the Saros. Abydenus 
and Berosus estimated the Saros at 3,600 years; Euseb. Chron., lib. i. p. v. 
13, and p. vi. 37. Suidas came nearer the true value, estimating the Saros at 
i8£ years. 
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Saros contains 223 lunar months ; falls short of 242 nodical months 
by about 39 minutes, and of 239 anomalistic months by less than 5 
hours ; and lastly, exceeds 241 sidereal months by less than a day. 
Thus eclipses very nearly recur, take place nearly in the same part of 
the celestial sphere, and the magnitude of the moon is very nearly 
equal, in the corresponding eclipses of each successive cycle. 
Modern astronomers calculate the length of the Saros to be 6,585 
days 7 hours 40 minutes and 38 seconds ; the Chaldaean value of 
the period was 6,585 days 8 hours, exceeding the true period by only 
19 minutes 22 seconds. 1 

There are good reasons for supposing that the Chaldaeans were 
acquainted with the true system of the universe. It has been men- 
tioned in Chapter II. that the ancients were acquainted with the 
relative distances of the planets, a knowledge* which could only have 
been obtained from considerations founded on the true system. 
Again, though Hipparchus had the advantage of Chaldaean records 
with which to compare his own observations, he deduced the tropical 
and sidereal years — in other words, calculated the precession of the 
equinoxes — with less correctness than the Chaldaeans. Hence we 
may conclude that such accurate observers were not unacquainted with 
those irregularities which the Epicyclians were forced to explain by 
means of epicycles, eccentrics, and oscillating planes. Now, it was a 
part of the Greek character to frame systems on insufficient know- 
ledge, and to explain false systems by false hypotheses, — 

Collecting toys 
And trifles for choice matters, worth a sponge ; 
As children gathering pebbles on the shore.* 

We can understand, then, that the Greeks should make the earth the 
centre of all celestial motions, should suppose these to take place 
necessarily in circles, and the like. But we have no reason for sup- 
posing that the Chaldaeans, close and patient observers of nature, and 
disposed, like all the Semitic races, to seek grand and simple inter- 
pretations of natural phenomena, would make the earth the centre of 

1 They trebled the period to make the number of days exact, so that eclipses 
happened nearly at the same hour of the day in each successive triple-Saros. 

2 ' Greek natural philosophers,' says Humboldt, 'were but little disposed to 
pursue observations, but evinced inexhaustible fertility in giving the most varied 
interpretations of half-perceived facts.' 'The Greeks,' wrote Bacon, * by only 
employing the power of the understanding, have not adopted a fixed rule, but 
have laid their whole stress upon intense meditation, and a continual exercise and 
perpetual agitation of the mind.' 
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motion, when observation had once proved that such a system could 
only be maintained by cumbrous and complicated hypotheses. On 
the contrary, from the reverence with which they regarded the 
planetary bodies, it seems little likely that they imagined these bound 
to move about a terrestrial centre. 

It may be urged that, if the Chaldaeans considered the sun to be 
the centre of the scheme, they must either have adopted some such 
modified system of epicycles and eccentrics as Copernicus, or else 
have preceded Kepler in the discovery of the elliptic motion of the 
planets. It appears, indeed, highly probable that their observations 
were conducted with sufficient accuracy to enable them to detect the 
ellipticity of the planetary orbits. ! The account given by Philolaus of 
the opinions of Pythagoras seems clearly to point to knowledge of 
this kind. We have seen that the Chaldaeans regarded the planetary 
motions as sacred secrets, not to be spoken of save in doubtful, mys- 
terious terms. Further, in the time of Pythagoras they were subdued 
under Cyrus ; so that, fearful of offending the Fire-worshipping 
Persians, the Chaldaeans would conceal their own religious opinions — 
or, in other words, their system of astronomy. If the opinions 
attributed to Pythagoras by Philolaus were really derived from Chal- 
dsean astronomers, they effectually attained both ends by simply 
telling him ( that the earth and planets move in oblique circles about 
Fire.' . Philolaus adds, 'as the sun and moon do,' from which we 
may conclude that he, at least, was not acquainted with the true 
system ; nor is it probable that Pythagoras was better informed ; 
but the very circumstance that Pythagoras probably knew little of 
astronomy makes it the more remarkable that he should not only 
attribute motion to the earth, but assign elliptic orbits to the earth 
and planets. 

There is no evidence that Chaldaean astronomers were acquainted 
with the nature of gravity. They may have conceived the idea that 
the sun and planets exercise attractive influences varying with their 
distances and volumes, but there is no reason to suppose that they 
were able to deduce from the motions of the planets the manner in 
which such attraction varied, still less that they were acquainted with 

1 ' Callisthenes,' says Porphyrius, * sent to Greece observations of the plane- 
tary motions taken by the Chaldaeans for 1,903 years before Alexander's entry 
into Babylon. ' Aristotle, speaking of an occultation of Mars by the moon, adds, 
* Such observations have been made on the other planets for many years by 
Egyptian and Babylonian astronomers ; and many of these have come to our 
knowledge. 1 

O 
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the general principle now known as universal gravitation. Dr. 
Gregory, however, considered that either Pythagoras himself or the 
astronomers from whom he derived his system were acquainted with 
the law by which gravity varies with distance. ' He observes that 
these philosophers spoke allegorically when they asserted that Apollo 
touched the seven-stringed lyre, which he supposes to represent the 
sun and the seven planets, and to indicate that the former retained 
the latter by attractive forces in harmonic proportion ; and, because 
the tones obtained from chords of equal thickness are inversely pro- 
portioned to the squares of their length, he infers that the harmonic 
proportion alluded to is the inverse duplicate of the squares. 1 ! We 
may adopt the opinion of the author from whom the above passage is 
derived, that the doctrines of Pythagoras did not lie quite so deep j. 
and it is little likely that the Chaldaeans concealed real knowledge 
under so obscure and fanciful an image, 

Mr. Layard has shown that the Assyrians and Babylonians were 
skilful mechanicians, and particularly well acquainted with the 
nature of the various metals, and the best methods of working and 
alloying them. There can be little doubt from the account handed 
down to us in the Book of Daniel of the state of the Chaldaeans 
under their Babylonian masters, that neither wealth nor skill was 
spared in erecting buildings that might serve as observatories, and in 
supplying these with astronomical instruments of the best workman- 
ship. The terrace and pyramid of Belus, for instance, were used for 
astronomical among other purposes : here the Chaldaean astronomers 
pursued their labours, and thence they proclaimed the hours of the 
night We learn from Callisthenes and Epigenes that they recorded 
astronomical observations on bricks and tiles. Many such tablets, 
formed of clay, and bearing inscriptions in cuneiform characters, have 
been discovered by Mr. Layard and other Eastern travellers. The 
inscriptions appear to have no reference to astronomical observations. 
Across the tablets, however, while yet moist, engraved cylinders were 
rolled, and the impressions thus stamped appear, in general, to be 
records of celestial phenomena. It may be conjectured that one of 
the duties of the Chaldaeans was to superintend the construction of 
cylinders, the symbols on which should serve to indicate to the 
initiated the date corresponding to each tablet 2 

1 'The Earth and its Mechanism.' By H. Worms. Pp. 9, io. 

* It is doubtful whether all the symbols on these cylinders are astronomical, 
or only those around the principal figures and in the background. It has been 
suggested that the principal figures may represent cons tell ations. Among symbols 
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When we consider the marvellous exactness with which the Chal- 
daean astronomers calculated the several periods their determinations 
of which have reached us, the question suggests itself whether they 
could possibly have attained such exactness without the aid of the 
telescope. The art of making glass was known to the Assyrians, 
who were also sufficiently acquainted with the science of optics to 
construct lenses. Sir David Brewster, speaking of a plano-convex 
lens., of rock-crystal discovered by Layard at Nimroud, says : — ' The 
convex side is tolerably well polished, and though uneven from the 
mode in which it has been ground, it gives a tolerably distinct focus, 
at the distance of 4J inches from the plane side ; ' he adds, c It could 
not have been intended as an ornament ; we are entitled, therefore, 
to consider it as intended to be used as a lens, either for magnifying, 
or for concentrating the rays of the sun. 1 

If we were better acquainted with the nature of the Chaldsean 
system of mythology, and knew the planets with which their various 
deities werei associated, we might be assisted in the inquiry whether 
they used telescopic aid in examining the celestial bodies. It is 
clear that little connection exists between the Assyrian and Greek 
systems of mythology. Now and then some attribute of an Assyrian 
reminds us of a Greek deity : but when we proceed to consider 
other attributes no further resemblance can be traced. 1 Various 
opinions have been expressed as to the celestial bodies with which 
the deities were severally associated ; the most probable arrangement 
appears to be the following : — Nisroch, the great triune deity, was 
associated with the planet Saturn ; Bel with Jupiter ; Merodach with 
Mars ; Mylitta with Venus ; Nebo with Mercury ; Ishtar with the 
moon ; and Shamash with the sun. 2 

Fig. 1, Plate XIII., represents one of the forms in which the deity 
Mylitta appears in Assyrian sculptures. In her left hand she bears 
an emblem resembling the symbol still used by astronomers to repre- 
sent the planet Venus ; 8 in her right hand she bears a staff tipped 

representing the sun, moon, and stars, Dr. Birch has detected figures corre- 
sponding to ten of the Zodiacal constellations. 

1 For instance, Mylitta, the chief goddess of the Assyrians, wife of Bel (chief 
of the twelve great gods presided over by Nisroch), corresponds so far with Here ; 
but in her other attributes more nearly resembles Aphrodite*. 

2 In one of the Phoenician dialects the sun is called Camosh, a term probably 
identical with the epithet Chomeus of Apollo. Humboldt mentions in his ' Views 
into Nature ' that Camosi is a South- American word for the sun. 

* This symbol ( 9 ) somewhat resembles the Egyptian symbol of life (the 

crux ansata), which consists of a straight rod and circle separated by a cross-bar, — 

emblematic (I suppose) of temporal and eternal life separated by death. Mylitta 

o 2 
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with a crescent. Now, with moderate telescopic power, Venus is the 
only planet that ever presents the crescent form, Mercury only assum- 
ing that form when too near the sun to be seen without telescopes of 
great power, properly mounted, and directed to the calculated place 
of the planet on the celestial sphere. It may therefore be noticed as, 
at the least, a singular coincidence, that the crescent should be found 
associated, not with the deity representing the moon, but with the 
deity representing a planet whose appearance never affords any indi- 
cation to the unaided eye of the crescent form. 

Bel or Baal is variously represented in Assyrian sculptures. 
Among the winged globes, which probably symbolised at the same 
time a deity and the planet with which he was associated, we find 
one in which the central globe is surrounded by four others : this * 
may possibly indicate the system of satellites attending on Jupiter. 
Bel is also represented with four horns : and a figure in Assyrian 
sculptures with four star-tipped wings probably represents the same 
deity. 1 

' was sometimes epresented with the waters of life floating from her breasts : ' see 
Layardls * Nineveh and Babylon,' p. 606 ; note also the first figure on page 605. 
The figures of Plate XIII. are taken from the above-named work, and from 
Layard's * Nineveh and its Remains.' 

The astronomical symbols of the planets have been derived, in all probability, 
from Chaldxan and Assyrian sources. The symbol of the planet Mercury ( $ ) is 
the caduceus, which, like the pctams, is an emblem of Eastern origin. The symbol 
of Mars (cJ) represents a shield and spear— the former being the circular shield 
1 with which Assyrian spearmen are constantly represented ' (Layard's « Nineveh 
and Babylon,' p. 194). The symbols of Jupiter and Saturn {% and h ) are more 
doubtful ; a resemblance has been traced between the former and the initial letter 
of the Greek Zeus ; it appears to me far more probable, however, that the symbols 
of Jupiter and Saturn are simply the Syro- Arabic forms of the numbers 4 and 5, 
indicating the positions of these bodies in the scheme of the Planetary Five. The 
symbol of the earth ( & ) is simply the inverted emblem of life, and possibly bears 
some reference to terrestrial corruption and decay. 

1 If the Chalda?ans used telescopes even of moderate power they must have 
been acquainted with the vastness of Jupiter's bulk, and would therefore, in all 
probability, assign to him a proportionately vast attractive influence. Possibly 
some tradition of such knowledge is embodied in the well-known passage : — 

E* 8' fryc, ic€ifrf)(ra<r$* $tol t fro «T8«Te irdrrts, 
SfipV xP v(rfir ) v Q obpav6d*v Kpcfidtrarrcs, 
Tldvrts 8* 4^dwr§a'Bt dtol, iraffal t« Biaivou' 
* AAA' ovk &y ipvacur' i£ obpav66*v h-cSIopSc 
Zrjv 1 fhrarov fi.4](rrwp\ ou>8' ci fid\a iroAA& Kdfioirc 
'AAA' St« 8^ itai 4y&> "wp6<pp<av 4$4\otfii ipvacai, 
Avrfl k*v ycu^ 4pv<rai^\ abr^ re Qdk&cray 
2ctpV p.iv k*v tircira rtp\ f>(ov OlXvpiroio 
Arjcraifi-qv rh 94 k' a8rf fivH)opa •wa.vra ytvotro. 

Iliad VIII. 1S-26. 
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Nisroch, or Asshur (among other attributes), was f he time-god or 
year-god, beneath whom were the twelve great godk presiding over 
the twelve months of the year ; and beneath these again some 4,000 
deities who ruled over the days of the year and the various pheno- 
mena of nature. If the Chaldsean astronomers were acquainted with 
the fact that Saturn is girdled about by a ring, they could have chosen 
no more suitable representation of a deity who was supposed to sway 
' the circling seasons and the flight of time.' For among all nations 
and in every age the ring has been chosen as the aptest emblem of 
time : and such names as annus, &09, fro? iviavros, year, 1 &c, 
indicate that the ring has been considered an especially appropriate 
emblem of the simplest and most marked recurring period known 
to man. Thus we find the serpent-ring among other emblems of 
Cronus or Saturn ; and Homer constantly applies to Cronus the 
epithet dyKvXofnjrr^, an epithet plainly connected with the influence 
of this deity over the year. 2 

We have seen that Galileo was able to detect a peculiarity in 
Saturn's figure with a very low telescopic power. In the clear skies 
of Eastern climes, it is probable that the same or even less power 
would distinctly exhibit the form of the ring. But, further, if we 
suppose, as we are justified in doing, that the changes observed in 
Saturn's rings during the 200 years that have elapsed since their 
discovery form part of a progressive series of changes, the rings must 
have been very much narrower — and, therefore, their ring-form much 
more easily detected — three or four thousand years ago than in 
Galileo's day. 3 It certainly does not appear incredible that me- 
chanicians so ingenious as the Chaldaeans, and not unacquainted 

Compare also line 451 of the same Book, and Plato's 'The&tetus,' i. 153. 
The image in the above passage seems singularly infelicitous unless interpreted in 
some such way as is indicated above ; such an explanation, appears more natural 
than that commonly offered, which refers the image to subtle dogmas of 
physical influences and powers, associating together the various parts of the 
universe. 

1 From yra, to surround. 

* The later meaning of the epithet appears little suited to a deity represented 
as a semi-idiotic old man swallowing stones for children. As the epithet $oaxis 
of Here was probably derived from the worship of the Eastern original of Here* 
under the form of a cow (Miiller, * Scient. Myth.,' p. 202), so the epithet 
iyKvXofi'fyrris either refers, like the mythological account of Cronus, to his rule over 
the seasons, or is derived from the form under which the Eastern original of Cronus 
was worshipped. See figs. 2 and 3, Plate XIII. 

* It is not altogether impossible that some of the inner satellites have been 
formed from outer rings about Saturn within the interval of the time mentioned. 
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with the laws of optics, should have been able to construct telescopes 
as powerful as Galileo's ; and with such telescopes they could not 
have failed to detect Saturn's rings. It is certainly a singular coin- 
cidence that the god Nisroch should be represented in Assyrian 
sculptures within a ring (see figs. 2 and 3, Plate XIII.) ; and it seems 
difficult to account for the selection of such a remarkable figure to 
represent the supreme god, unless we suppose the Chaldaeans ac- 
quainted with the peculiar conformation of the planet they associated 
with that deity. On such a supposition, however, one can readily 
understand that they should conceal their knowledge under such 
mystical symbols. 1 In fig. 3 the deity is represented as triune, a 
figure which may have reference to the triple attributes of the god ; 
though it is not altogether impossible that the triplicity observed in 
several representations of this deity may have reference to a tradi- 
tion of some such imperfect discovery of Saturn's ring as Galileo 
effected. 

The use of engraved cylinders by Chaldaean astronomers has 
already been noticed Fig. 4, Plate XIII., represents a tablet 
stamped from such a cylinder. The figures in the background 
represent the sun, the crescent moon, a star, and a ring. The open- 
ing of the ring is rather less than* the full opening of Saturn's ring, 
and the breadth of the ring corresponds with the breadth we may 
imagine the ring to have had three or four thousand years ago. The 
figure of a ring is met with in other engraved tablets, the breadth 
being about the same in all, but the opening varying. In a cylinder, 
represented at page 343 of Layard's ' Nineveh and Babylon,' the sun 
and a bird (probably a constellation) appear above a ring nearly 
closed ; the principal figures of this cylinder represent Dagon the 
Fish-god, another deity, and a crowned figure in the act of adoration 
before an object resembling figures 2 and 3, Plate XIII., but the 
human figure and ring /are replaced by an open eye. It may be 
noticed that when Saturn is viewed with a telescope of small power, 
the rings being open to their full extent, he presents an appearance 
somewhat resembling an open eye : the resemblance is, at least, 
sufficiently close to attract the notice of an imaginative and poetical 
race like the Chaldaeans. 

It is probable that the researches of travellers in the East will, 

1 The mysterious precept of Pythagoras, ' Thou shalt not represent the deity 
within a ring,' probably has reference to such figures. His travels, therefore, may 
be presumed to have extended into Assyria and Babylonia. Like many others of 
his precepts, this one probably refers to religious observances and rites that had 
come under his notice during his travels, but which were unintelligible to him. 



CHALDEAN ASTRONOMY. 199 

before long, afford us more accurate information of the history, lan- 
guage, and arts of Assyria and Babylonia than we now possess. Thus 
a meaning may be found in symbols and inscriptions which are at 
present unintelligible ; and we may thence obtain some idea of the 
methods of observation employed by Chaldaean astronomers, of the 
manner in which they recorded, and of the system by which they 
explained, astronomical phenomena. 
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NOTE B. 
laplace's nebular theory. 

This world was once a fluid haze of light, 

Till toward the centre set the starry tides, 

And eddied into suns, that wheeling cast 

The planets. Tennyson. 

Tbv trdyra k6<t/xov bcoir\<r*v 6 irifiiovpybs oh x*pir\v &AA& \6ytp. 

Mercurius Trismegistus. 

No part of the solar system affords so striking an argument in favour 
of Laplace's Nebular Hypothesis as the Saturnian system of rings. 
A brief examination of some objections that have been urged against 
that theory will therefore not be out of place in the present work. 
The hypothesis itself is so well known, that it is unnecessary to enter 
into any lengthened description of it 

The planetary system presents certain points of uniformity for 
which the law of gravity does not account ; thus : — The planets 
revolve in the same direction about the sun, in orbits nearly circular, 
and nearly in one plane ; they also rotate on their axes, and their 
satellites (excepting those of Uranus, and possibly Neptune's satellite) 
revolve, in the same direction ; all the known- asteroids also revolve 
in the same direction. That this uniformity is not the effect of 
chance will appear from a single example : — the probability that the 
83 known asteroids, if projected in the same plane but otherwise at 
random, should all revolve in one direction, is less than 1 in 
4,835,700,000,000,000,000,000,000. 

The uniformity here considered may, undoubtedly, result from 
design in original creation ; but, on the other hand, the idea that the 
solar system has been developed under the operation of uniform laws, 
is no more opposed to just conceptions of the wisdom and power of 
the Creator, than is the idea of the development of a tree or of an 
animaL 1 The solar system, and the whole portion of space felling 

1 This view has been objected against as atheistical ; but the objection is 
founded on the atheistical assumption that the minor developments referred to are 
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within the range of human observation, form, necessarily, infinitely 
minute parts of the space over which the operations of the Almighty 
Mind extend — that is, of infinite space ; and the time within which 
our system has been created, and during which it will continue to 
exist, form necessarily infinitely minute parts of the time during which 
the operations of the Almighty Mind have been and will be in action 
— that is, of eternity. We must, then, seek infinitely farther back for 
the operation of a First Cause, than merely to the origin of our 
system, vast as it may appear to merely human conceptions. We 
are therefore at liberty to seek or adopt any theory which explains 
the existing state of our system by the operation of uniform laws. 1 

Laplace conceived that the solar system may have been formed 
by the gradual cooling and condensation of a vast rotating nebulous 
globe ; that in the process of contraction successive rings were thrown 
off— to form in one case a zone of small planets, but in general to 
break up and form each a single globe; that in the formation of such 
globes a similar process was repeated, ending in the formation of 
satellites, and in a single case of what we now know to be a ring of 
small satellites. 

Modern science is opposed to the idea of a vast nebulous globe, 
maintained in a state of extreme tenuity by intense heat 2 But, on 
the other hand, the laws of Thermo- dynamics supply a satisfactory 
explanation of the original process of formation. If we conceive the 
distribution imagined by Chladni to extend throughout the inter- 
stellar spaces, then all the results suggested by Laplace would follow 
from the agglomeration of vast numbers of cosmical bodies, gathered 

not parts of the scheme of the Almighty. It is also urged that to suppose the 
human race so insignificant a part of the universe, as it would appear (to our 
conceptions) from the above view, is to suppose the infinite wisdom and goodness 
undoubtedly displayed towards the human race bestowed on an unworthy object ; 
an objection founded on the erroneous notion that we are to conceive otherwise of 
the infinite wisdom and goodness of the Almighty than as bestowed on each the 
minutest (or to our view the most insignificant) of His works, and on each the 
minutest interval of time. 

1 See Bacon's 'Advancement of Learning,' Book I., § 1, and Book III., 
chapter iv. ; and Hooker's 'Ecclesiastical Polity,' Book I., chapters ii. and Hi. 
Compare Nichol's ' Cyclopaedia of the Physical Sciences,' Article ' Nebular 
Hypothesis ; ' and WhewelFs * Astronomy and General Physics ' (Bridgewater 
Treatise). 

* It was in illustration of this part of his theory that Laplace referred to 
Herschel's Nebular Theory. It is a mistake to suppose that the overthrow of the 
latter theory carries with it Laplace's Nebular Theory, the main points of which 
are in no way connected with Herschel's. 
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from vast distances ! under the influence of their own attractions, or 
of the attractions of a central body ; and the heat generated by the 
loss of vis viva at the formation of each planet or satellite, would be 
sufficient to account for the obvious signs that the planets, and in 
a less degree the satellites, were originally in a state of intense heat 8 
It has been considered by some that the motions of the satellites 
of Uranus are altogether opposed to the theory of Laplace. It has 
even been stated that Laplace himself, had he lived to the present 
day, would have abandoned his theory as untenable on this account 
alone — which will hardly appear probable when we remember that 
Laplace survived the elder Herschei more than four years, and pub- 
lished the first and fifth editions of his ' Systfeme du Monde ' nine 
and thirty-seven years, respectively, after the discovery of two of the 
satellites of Uranus. 8 In fact, the motions of these satellites are not 
so utterly opposed to the theory as might at first sight be supposed. 
Satellites travel, in general, nearly in the equatorial planes of their 
primaries, and these planes have very various inclinations to the 
ecliptic 4 Assuming that the inclination in the case of Uranus was 
originally very nearly 90 , it is conceivable that external disturbing 
causes * (to which Uranus must have been exposed for a longer time 

1 Distance is an important element in such a process. 

* It is possible that in such considerations we may find an explanation of the 
peculiarities of form and rotation observed in the moon. 

* It has been argued that Laplace - considered his scheme a mere conjecture ' 
(see * Science and Scripture, * by Professor Young, p. 14). It is true that Laplace 
presented his hypothesis as an hypothesis, and not as a scientific doctrine ; specu- 
lations on past processes traceable only in their results must always be imperfect 
and uncertain ; or, to use Laplace's own words, ' everything not resulting from ob- 
servation or calculation must,' to a certain extent, ' inspire distrust' But it is also 
true that Laplace formed a high estimate of the probability of the hypothesis. 
He speaks of it as ' une hypothese qui me parait risultcr t aevtc unegrande vraisem- 
blance> des phlnomenes precedents, mais que je presente avec la defiance que doit 
inspirer tout ce qui n'est point un resultat de l'observation ou du calcul.' Pro- 
fessor Young mistranslates the closing words of the passage into * that distrust 
which should inspire everything ' {instead of * that distrust which everything should 
inspire, ' &c. ) * which is not the result of observation or calculation,' possibly gather- 
ing from this singular sentence his idea that Laplace attached a low value to the 
Nebular Theory. 

4 It may be remarked that Laplace's theory, as originally presented, offers no 
satisfactory explanation of this diversity of inclination. In the successive colli- 
sions through which each globe may be conceived to have been formed (on the 
altered theory suggested above) we appear to have a sufficiently plausible explana- 
tion of the peculiarity in question. 

* We appear to have an indication of the operation of such causes in the 
peculiar distribution of the perihelia of the planetary orbits alluded to at p. 37 



LAPLACE'S NEBULAR THEORY. 203 

than any planet within his orbit) may have carried the inclination to 
and beyond the right angle : so that, instead of saying that the satel- 
lites of Uranus move in a retrograde manner in a plane inclined 78 
58' to the ecliptic, we might more correctly say that they move in a 
direct manner in a plane inclined 101 2' to the ecliptic The same 
considerations apply to the case of Neptune's satellite, increased 
distance aiding us to interpret what (on the assumption we are con- 
sidering) would be increased disturbance of inclination. Owing to 
Neptune's immense distance, however, and his slow motion in his 
orbit, it is not probable that the direction in which his satellite moves 
can have been satisfactorily established in the short interval that 
elapsed between the discovery of the satellite and the announcement 
of its retrograde motion. 1 In any case ( we do not require absolute 
affirmation or negation, even in universal propositions ; if the ex- 
ceptions be singular or rare, it is sufficient for our purpose.' * 

(note). If we suppose, for instance, that our system had passed through a region 
of the interstellar spaces in which cosmical bodies were distributed with a density 
varying according to some uniform or tolerably uniform law, and that such passage 
occupied an interval of time in which the most distant members of the system 
completed several revolutions ; then it is certain that after the passage the aphelia 
of all the orbits would be found on that side of the system which had passed through 
the most densely crowded part of the region. 

1 It is clearly only by the change in the position in the primary that the 
direction of a satellite's motion can be determined. 

' Bacon's * Novum Organum,' Book II., aphor. xxxiii. 
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TABLE I. 
Certain Solar Elements. 



Greatest apparent diameter (viewed from the earth) . 

Mean apparent diameter (viewed from the earth) 

Least apparent diameter (viewed from the earth) 

Greatest apparent diameter (viewed from Saturn) 

Mean apparent diameter (viewed from Saturn) 

Least apparent diameter (viewed from Saturn) 

Equatorial horizontal parallax at mean distance from the earth 

Volume (earth's as i) 

Mass (earth's as i) . 

Density (earth's as i) 

Diameter in miles 

Gravity at equator 

In one second of time bodies fall in feet 



32' 36* -41 

32' 3"'64 
31' 3i"79 

3' 33"'6i 
3' 2i"*66 

3' io"-98 

8"-9i59 

1,260,160 

316,047 

0*250 

8S4.928 

27-6 

444*54 



TABLE II. 



Certain Elements of the Earthy Jan. ist, 1865. 



Mean distance (sun's equatorial parallax 8**9159) 

Greatest distance (mean distance 1) 

Least distance (same unit) . 

Mean sidereal revolution (mean solar days) . 

Mean tropical revolution (mean solar days) . 

Mean anomalistic revolution (mean solar days) 

Earth's motion in perihelio in a mean solar day 

Earth's mean motion in a mean solar day . 

Earth's motion in aphelio in a mean solar day 

Earth's mean motion in a mean sidereal day 

Eccentricity of orbit 

Annual variation of same (decrease) 

Density (water's as 1) 

Polar diameter in miles 



. 9 I »659,ooo 

1 -0167605 

. 0-9832395 

365* 6 b 9- 9»-6 

3*55 d 5 b 48" 46"6 
365* 6 h I3 m 49-3 



».i 



. r 1 9"*i 
. o° 59' 8" -9 
. o°57'n"-8 

• o°59'59"-o 

0*0167605 

0*0000004164 

5'6747 
7,898 
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Mean diameter in miles 
Equatorial diameter in miles 
Bodies fall in one second of time in feet 
Centrifugal force at equator 



7.9rf 

7.924 
16-1 

•00345 



TABLE III. 



Elements of Saturn, Jan. 1st, 1865. 

Greatest distance from the sun (earth's mean distance as 1) 

Mean distance from the sun (same unit) 

Least distance from the sun (same unit) 

Eccentricity of orbit (semi-major-axis as 1) 

Annual variation of same (decrease) 

Sidereal revolution in days .... 

Synodical revolution in days (at epoch) 

Mean synodical revolution 

Longitude of the perihelion .... 

Annual valuation of same (increase) 

Same variation referred to ecliptic (increase) 

Longitude of the ascending node [k] 1 , 

Annual variation of same (decrease) 

Same variation referred to the ecliptic (increase) 

Inclination of orbit to the ecliptic [t.] . 

Annual variation of same (decrease) 

Daily motion in orbit, in perihelio 

Mean daily motion in orbit .... 

Daily motion in orbit, in aphelio 

Inclination of axis to the plane of Saturn's orbit 

Annual variation of same (decrease) 

Inclination of axis to the ecliptic 

Annual variation of same (increase) 

Time of rotation on axis .... 

Apparent equatorial diameter, at mean distance from earth 

Same, Saturn in opposition, in perihelio 

Same, Saturn in opposition, at mean distance from sun 

Same, Saturn in opposition, in aphelio 

Same, Saturn in conjunction, in perihelio . . 

Same, Saturn in conjunction, at mean distance from sun 

Same, Saturn in conjunction, in aphelio 

Light received at perihelion (earth's at mean distance being I) 

Light received at mean distance (same unit) . . 

Light received at aphelion (same unit) . 

Greatest distance from the sun in miles . 



10-072533 

9.538850 

9-005167 

0*0559484 

0-000003125 

10759-2197106 

377767 
378-092 

90°23'36"-4 
69" - 4 i 

II2°20/l8"-20 

19"'54 
30" -56 

a° 29' 26"- 1 5 

o"-i5 

2 r i5"-3 

2' o'-6 

1' 48*-2 

63 io / 32"-i3 

o' r -32i 

6i°49 , 38"-o5 

o / -35o 

io h 29" 17* 

i7''-o5 

20" -31 
19" -04 

17**92 
i6"-25 

*5"'43 
i4"-68 

0-01233150 
0-0109902 1 

0-00985651 
9*3>238,< 



1 The symbols thus bracketed refer to the corresponding symbols in the 
Nautical Almanac. 
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Mean distance from the sun in miles 

Least distance from the sun in miles 

Equatorial diameter in miles 

Polar diameter in miles .... 

Polar diameter (equatorial diameter as I) 

Compression ..... 

Equatorial diameter (earth's mean diameter being 1) 

Polar diameter (same unit) 

Volume (earth's being 1) 

Mass or weight (earth's being I) 

Density (earth's being 1) 

Same (density of water as 1) 

Surface (unit 1 ,000,000 square miles) 

Same (earth's being 1) . 

Weight of a terrestrial pound, or gravity, at pole 

Weight of a terrestrial pound at equator 

Centrifugal force at equator 

Bodies fall in one second of time, in feet, at pole 

Bodies fall in one second, in feet, at equator 



874,321,000 

825,404,000 

72,250 

65,680 

•909 
1 

TT 
9'I27I 

82974 

691*362 

91 433 
0*132251 

0750482 

15.415 
78*25 

1*192 

I-002 

0*1641 

19*19 

l6'I2 



TABLE IV. 



Elements of Saturn's Rings, Jan. ist 9 1865. 



Longitude of ascending node of ring on the ecliptic [Q] 

Annual variation of same (decrease) 

Same variation referred to the ecliptic (increase) 

Longitude of rising node of ring on Saturn's orbit [A*] . 

Annual variation of same (decrease) 

Same variation referred to the ecliptic (increase) 

Latitude of rising node of ring on Saturn's orbit [ff] 

Annual variation of same (increase) 

Inclination of ring's plane to the ecliptic [i] 

Annual variation of same (decrease) 

Inclination of ring's plane to the plane of Saturn's orbit \Y] 

Annual variation of same (increase) 

Arc from rising node of Saturn's orbit on the ecliptic to rising 

node of ring's plane on Saturn's orbit [a*] . 
Annual variation of same (increase) 
Annual precession of the rising node of ring's plane on Saturn's 

orbit (or, annual precession of the vernal equinox of Saturn's 

northern hemisphere) 
Complete revolution of either equinox in years, about 
Exterior diameter of the outer ring (in miles) . 
Interior diameter of the outer ring 
Exterior diameter of the inner ring 
Interior diameter of the inner ring 

P 



167 43' *8" '93 

3"'638 

46" -462 

*7i° 43' 35" 'o6 

3"'i34 

46"-966 

2° 8' 25 *88n 

o"*235 

28° 10' 2l"*95 

o"*35o 

26 49' 27"*87 

o"*32i 

59 15' 42 "49 
i6"*395 



3"'i45 
412,080 

166,920 

147,670 

144,310 

109, ico 



2IO 



SATURN AND ITS SYSTEM. 



Interior diameter of the dark ring 

Breadth of the outer bright ring 

Breadth of the division between the rings 

Breadth of the inner bright ring . 

Breadth of the dark ring 

Breadth of the system of bright rings 

Breadth of the entire system of rings 

Space between the planet and the inner edge of the dark ring 



91,780 
9.625 
1,680 

17.605 
8,660 

28,910 

37,57o 
9.760 
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to Unpublished MSS., for the 
first time Collected and Edited. 
With Memorial Introduction and 
Notes. Two Vols. 



3. Herrlok'a (Robert) Hesperi- 

des, Noble Numbers, and Com- 
plete Collected Poems. With 
Memorial-Introduction and Notes, 
Steel Portrait, Index of First 
Lines, and Glossarial Index, ftc. 
Three Vols. 

4. Sidneys (Sir Philip) Com- 

plete Poetical Works, including 
all those in M Arcadia." With 
Portrait, Memorial-Introd action, 
Essar on the Poetry of Sidney, 
and Notes. Three Vols. 



Crown 8vo, cloth extra, gilt, with Illustrations, 6s. 

Emanuel.— On Diamonds and Precious 

Stones ; their History, Value, and Properties ; with Simple Tests for 
ascertaining their Reality. By Harry Emanuel, F.R.G.S. With 
numerous Illustrations, Tinted and Plain. 

Crown 8vo, cloth extra, with Illustrations, 7s. 6d. 

Englishman's House, The : 

A Practical Guide to all interested in Selecting or Building a House, 
with full Estimates of Cost, Quantities, Sec. By C. J. Richardson. 
Third Edition. With nearly 600 Illustrations. 

Two Vols., crown 8vo, cloth extra, 2x5. 

Ewald.— Stories from the State Papers. 

By Alex. Charles Ewald, F.S.A., Author of " The Life of Prince 
Charles Stuart," &c. With an Autotype Facsimile. 

Crown 8vo, cloth extra, with Illustrations, 6s. 

Pairholt.— Tobacco : 

Its History and Associations ; with an Account of the Plant and its 
Manufacture, and its Modes of Use in all Ages and Countries. By 
F. W. Fairholt, F.S.A. With Coloured Frontispiece and upwards 
of 100 Illustrations by the Author. 

Demy 8vo, cloth extra, 7s. 64. 

Familiar Allusions : 

A Handbook of Miscellaneous Information ; including the Names of 
Celebrated Statues, Paintings, Palaces, Country Seats, Ruins, 
Churches, Ships, Streets, Clubs, Natural Curiosities, and the like. 
By William A. Wheeler, Author of " Noted Names of Fiction ; " 
and Charles G. Wheeler. 



CHATTO cV WINDUS, PICCADILLY. 



Faraday (Michael), Works by : 

The Chemical History of a Candle : Lectures delivered before 
a Juvenile Audience at the Royal Institution. Edited by William 
Crookbs, F.C.S. Post 8vo, cloth extra, with numerous Illustrations, 
45. 6d. 

On the Various Forces of Nature, and their Relations to each 
other ; Lectures delivered before a Juvenile Audience at the Royal 
Institution. Edited by William Crookes, F.C.S. Post 8vo, cloth extra, 
with numerous Illustrations, 4s. 6d. 

Crown 8vo, cloth extra, with Illustrations, ys. 6d. 

Finger-Ring Lore: 

Historical, Legendary, and Anecdotal. By Wm. Tones, F.S.A. With 

Hundreds of Illustrations of Curious Rings of all Ages and Countries* 

" One of those gossiping books which are as full of amusement as of instruction.** 
— Athenaeum. 



Two Vols., crown 8vo, cloth extra, 21s. 

Fitzgerald.— Recreations of a Literary Man ; 

or, Does Writing Pay ? With Recollections of some Literary Men, 
and a View of a Literary Man's Working Life. By Percy Fitz- 
gerald. 



Books : 

A Tears Work in Garden and Greenhouse : Practical Advice 
to Amateur Gardeners as to the Management of the Flower, Fruit, and 
Frame Garden. By George Glemmy. Post Svo, cloth limp, as. 6d. . 

Our Kitchen Garden: The Plants we Grow, and How we 
Cook Them. By Tom Jerrold, Author of "The Garden that Paid the 
Rent," &c. Post 8vo, cloth limp, 2s. 6d. 

Household Horticulture : A Gossip about Flowers. By Tom 
and Jane Jerrold. Illustrated. Post 8vo, cloth limp, as. td. 

My Garden Wild, and What I Grew there. By Francis 
George Heath. Crown 8vo, cloth extra, 5s. 

One Shilling Monthly. 

Gentleman's Magazine (The) for 1882. 

The January Number of this Periodical contained the First Chapters 
of a New Serial Story, entitled " Dust," by Julian Hawthorne, 
Author of "Garth," Ac. "Science Notes," by W. Mattieu 
Williams, F.R.A.S., will also be continued monthly. 
V Now ready, the Volume for July to December, 1881, cloth extra* 
Price Ss. 6d ; and Cases for binding, price 25. each. 



Post 8vo, cloth limp, zs. 6d. 

Olenny.— A Tear's Work in Oarden and 

Greenhouse : Practical Advice to Amateur Gardeners as to the Manage- 
ment of the Flower, Fruit, and Frame Garden. By George Glenny. 

" A great deal of valuable information, conveyed in very simple language. The 
tnateur need not wish for a better guide."— Leeds Mercury. 
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THE RUSKIN GRIMM.— Square 8vo, cL ex., 6s. 6d. ; gilt edges, 75. 64. 

German Popular Stories. 

Collected by the Brothers Grimm, and Translated by Edgar Taylor 
Edited with an Introduction by John Ruskin. With 22 Illustrations 
on Steel by George Cruikshank. Both Series Complete. 

" The illustrations of this volume . . . are of quite sterling and admirable 
art, of a class precisely parallel in elevation to the character of the tales which 
they illustrate ; and the original etchings, as I have before said in the Appendix to 
my * Elements of Drawing,* were unrivalled in masterfulness of touch since Rem- 
brandt (in some qualities of delineation, unrivalled even by him). . . . To make 
somewhat enlarged copies of them. looking at them through a magnifying glass, 
and never putting two lines where Cruikshank has put only one, would be an exer- 
cise in decision and severe drawing which would leave afterwards little to be learnt 
in schools."— Extract f$om Introduction by John Ruskin. 



Square x6mo (Tauchnitz size), 

Golden Library, The : 

Ballad History of England. By , 
W. C. Bennett. | 

Bayard Taylor's Diversions of ! 

the Echo Club. 

Byron's Don Juan. 
Emerson's Letters and Social 

Aims. 

Godwin's (William) Lives of 

the Necromancers. 

Holmes's Autocrat of the 

Breakfast Table. With an Introduc- 
tion by G. A. Sala. 

Holmes's Professor at the 

Breakfast Table. 
Hood's Whims and Oddities. 

Complete. With all the original 
Illustrations. 

Irving's (Washington) Tales of 

a Traveller. 
Irving's (Washington) Tales of 

the Alhambra. 

Jesse's (Edward) Scenes and 

Occupations of Country Life. 

Lamb's Essays of Ella. Both 
Series Complete in One Vol. 



cloth extra, 2s. per volume. 



Leigh Hunt's Essays : A Tale 

for a Chimney Corner, and other 
Pieces. With Portrait, and Introduc- 
tion by Edmund Ollier. 



Mallory'a (Sir Thomas) Mort 

d*Arthur : The Stories of King Arthur 
and of the Knights of the Round 
Table. Edited by B. Montgomerie 
Ranking. 

Pascal's Provincial Letters. A 

New Translation, with Historical In- 
troduction and Notes, by T. M'Crie. 
D.D. 

Pope '8 Poetical Works. Com- 
plete. 

Rochefoucauld's Maxims and 

Moral Reflections. With Notes, and 
an Introductory Essay by Sainte- 
Beuve. 

St. Pierre's Paul and Virginia, 

and The Indian Cottage. Edited, 
with Life, by the Rev. E. Clarke. 

Shelley's Early Poems, and 

Sueen Mab, with Essay by Leigh 
unt 

Shelley's Later Poems: Laon 

and Cythna, &c. 
Shelley's Posthumous Poems, 

the Shelley Papers, &c. 

Shelley's Prose Works, includ- 
ing A Refutation of Deism, Zastrozzi, 
St. Irvyne, &c. 

White's Natural History of Sel- 

borne. Edited, with Additions, by 
Thomas Brown, F.L.S. 



Crown 8vo, cloth gilt and gilt edges, 7s. 6rf. 

Golden Treasury of Thought, The : 

An Encyclopedia of Quotations from Writers of all Times and 
Countries. , c elected and Edited by Th eodore Taylor. 
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New and Cheaper Edition, demy 8vo, cloth extra, with Illustrations, 75. 6d. 

Oreeks and Romans, The Life of the, 

Described from Antique Monuments. By Ernst Guhl and W. 
Koner. Translated from the Third German Edition, and Edited by 
Dr. F. Hueffer. With 545 Illustrations. 

" Must And a place, not only upon the scholar's shelves, but in every well-chosen 
library of*rt. n — Daily News. 

Crown 8vo, cloth extra, gilt, with Illustrations, 4s. 6d. 

Guyot.— The Earth and Man ; 

or, Physical Geography in its relation to the History of Mankind. 
By Arnold Guyot. With Additions by Professors Agassiz, Pierce, 
and Gray ; 12 Maps and Engravings on Steel, some Coloured, and 
copious Index. 

Crown 8vo, is. ; cloth, is. 6d. 

Hair (The) : Its Treatment in Health, Weak- 
ness, and Disease. Translated from the German of Dr. J. Pincus. 

Hake (Dr. Thomas Gordon), Poems by : 

Maiden Ecstasy. Small 4to, cloth extra, 8s. 
New Symbols. Crown 8vo, cloth extra, 6s. 
Legends of the Morrow. Crown 8vo, cloth extra, 6s, 



Two Vols., crown 8vo, cloth extra, 12s. 

Half-Hours with Foreign Novelists. 

With Notices of their Lives and Writings. By HELEN and ALICS 
Zimmern. A New Edition. 

Medium 8vo, cloth extra, gilt, with Illustrations, 75. 6d. 

Hall.— Sketches of Irish Character. By Mrs. 

S. C. Hall. With numerous Illustrations on Steel and VVood by 
Maclise, Gilbert, Harvey, and G. Cruikshank. 

"The Irish Sketches 0/ this lady resemble Miss M it ford's beautiful English 
sketches in * Our Village,' but they are far more vigorous and picturesque and 
bright." — Blackwood's Magazine. 

Haweis (Mrs.), Works by : 

The Art of Dress. By Mrs. H. R. Haweis. Illustrated by the 
Author. Small 8vo, illustrated cover, is. ; cloth limp. is. 6d. 

" A well-considered attempt to aptly canons of good taste to the costumes 
of ladies of our time. .... Mrs. Haweis writes frankly and to the 
point ; she does not mince matters, but boldly remonstrates with her own sex 

on the follies they indulge in We may recommend the book to the 

ladies whom it concerns. — Athbnau'm. 

The Art of Beauty. By Mrs. H. R. Haweis. Square 8vo, 
cloth extra, gilt, gilt edges, with Coloured Frontispiece and nearly 100 
Illustrations, los.Gd. 

The Art of Decoration. By Mrs. H. R. Haweis. Square 8vo 

handsomely bound and profusely Illustrated, 10s. 6d. 

*,* See also Chaucer, p. 6 of this Catalogue. 



la BOOKS PUBLISHED BY 



Crown 8vo, cloth extra, 51. 

Heath (F. G.)— My Garden Wild, 

And What I Grew there. By Francis George Heath, Author of 
" The Fern World," Ac. 

• SPECIMENS OF MODERN POETS.— Crown 8vo, cloth extra, 6s. 

Heptalogia (The) ; or, The Seven against Sense. 

A Cap with Seven Bells. 

" The merits of the book cannot be fairly estimated by means of a few extracts ; 
it should be read at length to be appreciated property, and in our opinion, its 
merits entitle it to be very widely read indeed. "St. James's Gazette. 

Cr.8vo, bound in parchment, 85. ; Large-Paper copies (only 50 printed), 155. 

Herbert.— The Poems of Lord Herbert of 

Cherbury. Edited, with an Introduction, by J. Churton Collins. 
Crown 8vo, cloth limp, with Illustrations, 25. 6d. 

Holmes.— The Science of Voice Production 

and Voice Preservation : A Popular Manual for the Use of Speakers 
and Singers. By Gordon Holmes, L.R.C.P.E. 

Crown 8vo, cloth extra, gilt, js. 6d. 

Hood's (Thomas) Choice Works, 

In Prose and Verse. Including the Cream of the Comic Annuals. 
With Life of the Author, Portrait, and Two Hundred Illustrations. 

Square crown 8vo, cloth extra, gilt edges, 6s. • 

Hood's (Tom) From Nowhere to the North 

Pole : A Noah's Arkaeological Narrative. With 25 Illustrations by 
W. Brunton and E. C. Barnes. 

Crown 8vo, cloth extra, gilt, 7s. 6d. 

Hook's (Theodore) Choice Humorous Works, 

including his Ludicrous Adventures, Bons-mots, Puns and Hoaxes. 
With a new Life of the Author, Portraits, Facsimiles and Illustrations. 

Tenth Edition, crown 8vo, cloth extra, 7s. 

Home.— Orion : 

An Epic Poem, in Three Books. By Richard Hengist Horne. 
With Photographic Portrait from a Medallion by Summers. 

Crown 8vo, cloth extra, 7s. 6d. 

Howell.— Conflicts of Capital and Labour 

Historically and Economically considered. Being a History and 
Review of the Trade Unions of Great Britain, showing their Origin, 
Progress, Constitution, and Objects, in their Political, Social, Eco- 
nomical, and Industrial Aspects. By George Howell 

" This book is an attempt, and on the whole a successful attempt, to place the 
work of trade unions in the past, and their objects 1* the future, fairly before the 
public from the working man's point of view.'*— Pall Mall Gazbttb. 



CHATTO 6> WINDUS, PICCADILLY. 13 



Demy 8vo, cloth extra, 12s. 6d. 

Hueffer.— The Troubadours: 

A History of Provencal Life and Literature in the Middle Ages. By 
Francis Hueffer. 



Crown 8vo, cloth extra, (a. 

Ireland under the Land Act : 

Letters to the* Standard during the Crisis. Containing the most 
recent Information about the State of the Country; 'the Popular 
Leaders, the League, the Working of the' Sub-Commissions, Ac. 
With Leading Cases under the Act, giving the Evidence in full ; 
Judicial Dicta, Sec. By E. Cant- Wall. 



- Crown 8vo, cloth extra, 65. 

Janvier.— Practical Keramics for Students. 

By Catherine A. Janvier. 

" Will be found a useful handbook by those who wish to try the manufacture or 
decoration of pottery, and may be studied by all who desire to know something of 
the art."— morning Post. 



A New Edition, crown 8vo, cloth extra, illustrated, 75. 6d. 

Jenning .— The Rosicrucians : 

Their Rites and Mysteries. With Chapters on the Ancient Fire and 
Serpent Worshippers. By Hargrave Jennings. With Five full- 
page Plates and upwards of 300 Illustrations. 



Jerrold (Tom), Works by : 

Household Horticulture : A Gossip about Flowers. By Tom and 
Jane Jerrold. Illustrated. Post 8vo, cloth limp, a*. 6d. 

Our Kitchen Garden: The Plants we Grow, and How we Cook 
Them. By Tom Jerrold, Author of "The Garden that Paid the Rent,*' 
&c. Post 8vo, cloth limp, 35. 6d. 

" The combination of hints on cookery with gardening has been very cleveny 
carried out, and the result is an interesting and highly instructive little work. Mr. 
Jerrold is correct in saying that English people do not make half the use of vege- 
tables they might ; and by showing how easily they can be grown, and so obtained 
fresh, hets dotng a great deal to make them more popular."— Daily Chronicle. 

Two Vols. 8vo, with 52 Illustrations and Maps, cloth extra, gilt, 14s. 

Josephus, The Complete Works of. 

Translated by Whiston. Containing both " The Antiquities of the 
Jews " and "The Wars of the Jews." 

Small 8vo, cloth, full gilt, gilt edges, with Illustrations, 6s. 

Kavanagh.— The Pearl Fountain, 

And other Fairy Stories. By Bridget and Julia Kavanagh. 
With Thirty Illustrations by J. Moyr Smith. 

" Genuine new fairy stories of the old type, some of them as delightful as the 
best of Grimm's ' German Popular Stories.* .... For the most part the stories 

are downright, thorough-going fairy stories of the most admirable kind 

Mr. Moyr Smith's illustrations, too, are admirable."— Spectator 



16 BOOKS PUBLISHED BY 

Macquoid (Mrs.), Works by : 

In the Ardennes. By Katharine S. Macquoid. With 

50 fine Illustrations by Thomas R. Macquoid. Square 8vo, cloth extra, 
101. 64. 

Pictures and Legends from Normandy and Brittany. By 

Katharine S. Macquoid. With numerous Illustrations by Thou as R. 
Macquoid. Square 8 vo, cloth gilt, zos. 64. 

Through Normandy. By Katharine S. Macquoid. With 
90 Illustrations by T. R. Macquoid. Square 8vo, cloth extra, 7s. 64. 

Through Brittany. By Katharine S. Macquoid. With 
numerous Illustrations by T. R. Macquoid. Sq. 8vo, cloth extra, 7s. 64 

"The pleasant companionship which Mrs. Macquoid offers, while wander* 
ing from one point of interest to another, seems to throw a renewed charm 
around each oft-depicted scene." — Mornino Post. 

Mallock (W. H), Works by : 

la Life Worth Living P By William Hurrell Mallock. 

New Edition, crown 8vo, cloth extra, 6s. 

The New "Republic ; or, Culture, Faith, and Philosophy in an 
English Country House. By W. H. Mallock. Post 8vo, cloth limp, «. 64. 

The New Paul and Virginia ; or, Positivism on an Island. By 
W. H. Mallock. Post 8vo, cloth limp, as. 64. 

Poems. By W. H. Mallock. Small 4to, bound in parchment, 8s. 

A Romance of the Nineteenth Century. By W. H. Mallock. 

Second Edition, with a Preface. Two Vols., crown 8vo, 21s. 



Mark Twain, Works by: 

The Choice Works of Mark Twain.' Revised and Corrected 
throughout by the Author. With Life, Portrait, and numerous Illustra- 
tions. Crown 8vo, cloth extra, 7s. 64. 

The Adventures of Tom Sawyer. By Mark Twain. With 

100 Illustrations. Small 8vo, cloth extra, 7s. 64. Cheap Edition, illustrated 
boards, 2s. 

A Pleasure Trip on the Continent of Europe : The Innocents 

Abroad, and The New Pilgrim's Progress. By Mark Twain. Post 8vo, 
illustrated boards, 2s. 

An Idle Excursion, and other Sketches. By Mark Twain. 

Post 8vo, illustrated boards, m. 

The Prince and the Pauper. By Mark Twain. With nearly 
200 Illustrations. Crown 8vo, cloth extra, 7s. 64. 

The Innocents Abroad; or, The New Pilgrim's Progress: 
Being some Account of the Steamship " Quaker City's ' Pleasure Ex- 
cursion to Europe and the Holy Land, with descriptions of Countries, 
Nations, Incidents, and Adventures, as they appeared to the Author. 
With 234 Illustrations. By Mark Twain. Crown 8vo, cloth extra, 7*. 64. 

A Tramp Abroad. By Mark Twain. With 314 Illustrations! 
Crown 8vo, cloth extra, 7s. 64. 

M The fun and tenderness of the conception, of which no living man but 
Marh Twain is capable, its grace and fantasy and slyness, the wonderful 
feeling for animals that is manifest in every line, make of all this episode of 
Jim Baker and his jays a piece of work that is not only delightful as mare 
reading, but also of a high degree of merit as literature. . . . The book is 
full of good things, and contains passages and episodes that are equal to the 
funniest of thou that have gone before."— Athknjkvm. 
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Post 8vo, cloth limp, 25. 64. per volume. 



Mayfair Library, The : 

The New Republic By W. H. 

Mallock. 

The New Paul and Virginia. 

By W. H. Mallock. 

The True History of Joshua 

Davidson. By E. Lynn Linton. 

Old Stories Re-told. By Walter 
Thornbury. 

Thoreau: His Life and Aims. 

By H. A. Paoe. 

By Stream and Sea. By Wil- 
liam Senior. 

Jeuz d'Esprit. Edited by Henry 
S. Leigh. 

Puniana. By the Hon. Hugh 
Rowley. 

More Puniana. By the Hon. 
Hugh Rowley. 

Puck on Pegasus. By H. 

Cholmondslsy-Pbnnell. 

The Speeches of Charles 
Dickens. 

Muses of Mayfair. Edited by 
H. Ckolmondeley-Pbnnell. 

Gastronomy as a Fine Art. By 
Brillat-Savarin. 

The Philosophy of Hand- 
writing. By Don Felix dk Sala- 
manca. 

Curiosities of Criticism. By 
Henry J. Jennings. 

Literary Frivolities, Fanoies, 

Follies, Frolics. By W. T. Dobson. 

Poetical Ingenuities andEooen- 

tricitiet. Selected and Edited by 
W. T. Dobson. 

Pencil and Palette. By Robert 

Kempt. 

Latter-Day Lyrics. Edited by 
W. Davenport Adams. 



%• Other Volumes 



Original Plays by W. S. Gil- 
bert. First Series. Containing: 
The Wicked World— Pygmalion and 
Galatea— Charity —The Princess— 
The Palace of Truth— Trial by Jury. 

Original Plays by W. S. Gil- 
bert. Second Series. Containing : 
Broken Hearts— Engaged— Sweet- 
hearts — Dan'l Druce — Gretchen— 
Tom Cobb— The Sorcerer— H.M.S 
Pinafore— The Pirates of Penzance' 

Carols of Cockayne. By Henry 

S. Leigh. 

The Book of Clerical Anec- 
dotes. By Jacob Larwood. 

The Agony Column of " The 
Times," from 1800 to 1870. Edited, 
with an Introduction.by Alice Clay. 

The Cupboard Papers. By 

Fin-Bec. 

Pastimes and Players. By 
Robert Macgregor. 

Balzac's " Com6die Humalne " 

and its Author. With Translations 
by H. H. Walker. 

Melanoholy Anatomised : A 

Popular Abridgment of "Burton's 
Anatomy of Melancholy." 

Quips and Quiddities. Selected 
by W. Davenport Adams. 

Leaves from a Naturalist's 

Note-Book. By Andrew Wilson, 
F.R.S.E. 

The Autocrat of the Break- 
fast-Table. By Oliver Wendell 
Holmes. Illustrated by J. Gordon 
Thomson. 

Forensic Anecdotes; or, Hu- 
mour and Curiosities of the Law 
and of the Men of Law. By Jacob 
Larwood. 

Anecdotes of the Stage and of 

Players. By Jacob Larwood. 

[/« the press. 

are in preparation. 



Small 8vo, cloth limp, with Illustrations, 2s. 64. 

Miller-— Physiology for the Young ; 

Or, The House of Life : Human Physiology, with its application to 
the Preservation of Health. For use in Classes and Popular Reading. 
With numerous Illustrations. By Mrs. F. Fenwick Miller. 
"An admirable introduction to a subject which all who value health and enjoy 
life should have at their fingers' ends,'*— Echo. 



x8 BOOKS PUBLISHED BY 

Milton (J. L.), Works by : 

The Hygiene of the Skin. A Concise Set of Rules for the 
Management of the Skin; with Directions for Diet. Wines, Soaps, Baths, 
&c. By J. L. Milton, Senior Surgeon to St. John's Hospital. Small 
8vo, 11. J cloth extra, is. 6d. 

The Bath in Diseases of the Skin. Small 8vo, is. ; cloth extra, 

n. 64. 

Large 4to, bound* in buckram, 2 is. 

Moncrieff— The Abdication; or, Time Tries All. 

An Historical Drama. By W. D. Scott-Moncrieff. With Seven 
Etchings by John Pbttie, R.A., W. Q. Orchardson, R.A., J. Mac 
Whirtbr, A.R.A., Colin Hunter, R. Macbeth, and Tom Graham . 

Square 8vo, cloth extra, with numerous Illustrations, 7s.6d. 

North Italian Folk. 

By Mrs. Comyns Carr. Illustrated by Randolph Caldecott. 

"A delightful book, of a kind which is far too rare. If anyone wants to really 
know the North Italian folk, we can honestly advise him to omit the journey, arid 
read Mrs. Carr*s pages instead. . . Description with Mrs. Carr is a real gift. . 
It is rarely that a book is so happily illustrated.'* — Contemporary Review. 

Post 8vo, cloth extra, Illustrated, 55. 

Number Nip (Stories about), 

The Spirit of the Giant Mountains. Retold for Children by Walter 
Grahame. With Illustrations by J. Moyr Smith. 

Crown 8vo, cloth extra, with Vignette Portraits, price 6$. per Vol. 

Old Dramatists, The : 

Ben Jonson'S Works. Charles Swinburne ; Vol. III. the 

With Notes Critical and Explanatory, Translations of the Iliad and 

and a Biographical Memoir by Wil- Odyssey. 

ham Gifford. Edited by Colonel tuto****™^*. txt~_«._ 

rT.nN.wr. U iu Thw v«i4 , Marlowe's Works. 



Cunningham. Three Vols. 

Chapman's Works. 

Complete in Three Vols. Vol. I. con 
tains the Plays complete, including 



Including his Translations. Edited, 
with Notes and Introduction, by Col. 
Cunningham. One Vol. 



Massingerti Plays 

Froi 
, Edit 
an Introductory Essay by Algernon I VoL 



the doubtful ones; Vol. II. the , From the Text of William Gifford. 
Poems and Minor Translations, with Edited by Col. Cunningham. One 



O'Shaughnessy (Arthur), Works by : 

Songs of a Worker. By Arthur O'Shaughnessy. Fcap. 
8vo, cloth extra, js. Od. 

Music and Moonlight. By Arthur O'Shaughnessy. Fcap. 
8vo, cloth extra, 75. 6d. 

Lays of France. By Arthur O'Shaughnessy. Crown 8vo, 
cloth extra, 105. 64. 



Post 8vo, cloth limp, is. 6d. 

Parliamentary Procedure, A Popular Hand- 
book of. By Henry W. Lucy. 
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Large 4to, cloth extra, gilt, beautifully Illustrated, 31s. 6d. 

Pastoral Days; 

Or, Memories of a New England Year. By W. Hamilton Gibson. 
With 76 Illustrations in the highest style of Wood Engraving. 

" The volume contains a Prose poem, with illustrations in the shape of wood 
engravings more beautiful than it can well enter into the hearts of most men to 
conceive." — Scotsman. 



Crown 8vo, cloth extra, 65. 

Payn.— Some Private Views : 

Being Essays contributed to The Nineteenth Century and to The 
Times, By James Payn, Author of " Lost Sir Massingberd," Ac. 



Two Vols. 8vo, cloth extra, with Portraits, 105. 64. 

Plutarch's Lives of Illustrious Men. 

Translated from the Greek, with Notes Critical and Historical, and a 
Life of Plutarch, by John and William Langhornb. 



New Novels : 

IN MAREMMA. By Ouida. 3 vols., crown 8vo. 

FOR OASH ONLY. By Jambs Payn. 3 vols., crown 8vo. 

PRINCE SARONTS WIFE, and other Stories. By Julian 
Hawthorne. 2 vols., crown 8vo. 

The MARTYRDOM of MADELINE. By Robert Buchanan. 
3 vols., crown 8vo. 

COALS OF FIRE. By D. Christie Murray. 3 vols., crown 8vo 

THE PRINCE OF WALES'S GARDEN-PARTY. By Mrs. 
J. H. Riddbll. Crown 8vo, cloth extra, 6s, 

WILKEE COLLINS'S NEW NOVEL. 3 vols., cr. 8vo. [Shortly 

THE NEW ARABIAN NIGHTS. By R. Louis Stevenson. 
2 vols., post 8vo, 12s. [Shortly 

KEPT IN THE DARE. By Anthony Trollops. 2 vols, 
post 8vo, 125. [In preparation. 

Crown 8vo, red cloth extra, 55. each. 

Ouida'8 Novels.— Library Edition. 

Held in Bondage. Pasoarel. 

Strathmore. Two Little Wooden Shoes. 



Ohandoa. 

Under Two Flags. 

Idalia. 

Cecil Oastlemaine's Gage. 

Triootrin. 

Puck. 

FolleFarine. 

A Dog of Flanders. 

*** Also a Cheap Edition of all but the last, post 8vo, illustrated 
boards, 25. each. 



Signa. 

In a Winter City. 

Ariadne. 

Friendship. 

Moths. 

Pipifltrello. 

A Village Commune. 
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Library Editions, many Illustrated, crown 8vo, cloth extra, 3s. 64. each. 



Piccadilly Novels, The. 



popular fctortrs* bn rf)e Srrft Author*. 



BK AfBS. ALEXANDER. 

Maid, Wife, or Widow P 

BF IF. BESANT & JAMES RICE. 

Beady-Money Mortiboy. 
My Little Girl. 
The Case of Mr. LuorafL 
This Son of Vuloan. 
With Harp and Crown. 
The Golden Butterfly. 
By Celia's Arbour. 
The Monks of Thelema. 
'Twas in Trafalgar's Bay. 
The Seamy Side. 
The Ten Years' Tenant. 
The Chaplain of the Fleet 

BY ROBERT BUCHANAN. 

A Child of Nature. 

BY MRS. H. LOVETT CAMERON. 

Deceivers Ever. 
Juliet's Guardian. 

BY WILKIE COLLINS. 

Antonina, 
Basil- 
Hide and Seek. 
The Dead Secret. 

2ueen of Hearts. 
[y Miscellanies. , 
The Woman in White. 
The Moonstone. 
Man and Wife. 
Poor Miss Finoh. 
Miss or Mrs P 
The New Magdalen. 
The Frozen Deep. 
The Law and the Lady. 
The Two Destinies. 
The Haunted HoteL 
The Fallen Leaves. 
Jezebel's Daughter.- . 
The Black Robe. 

'BY M. BMTHAM-EDWARDS. 

Felicia. 

BY MRS. ANNIE EDWARDES. 

Archie Lovell. 



BY R. E. FRANCILLON. 

Olympia. 
Queen Cophetua. 

; BY EDWARD GARRETT. 

1 The Oapel Girls. 

I BY CHARLES GIBBON. 

Robin Gray. 

For Lack of Gold. 

In Love and War. 
I What will the World Say P 
J For the King 
1 In Honour Bound. 

Sueen of the Meadow. 
1 Pastures Green. 

« 

BV THOMAS HARDY. 

Under the Greenwood Tree. 

BY JULIAN HAWTHORNE. 

1 Garth. 
EUioe Quentin. 
Sebastian Strome. 



1 



BY MRS ALFRED HUNT 

Thornioroft's Model. 
The Leaden Casket. 

BY JEAN INGELOW. 

Fated to be Free. 

BY HENRY JAMES, Jtn. 

Confidence. 

BY HARRIETT JAY. 

The Queen of Connaught. 
The £>ark Colleen. 

BY HENRY KINGSLEY. 

Number Seventeen. 
Oakshott Castle. 

BY E. LYNN LINTON. 

Patricia Kemball. 
Atonement of Learn Dundas. 
The World Well Lost. 
Under whioh Lord P 
With a Silken Thread. 
The Rebel of the Family. 
" My Love ! " 
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Piccadilly Novels — continued. 



by justin McCarthy, mj>. 

The Waterdale Neighbours. 
My Enemy's Daughter. 
Linley Boohford. 
A Fair Saxon. 
Dear Lady Disdain. 
Miss Misanthrope. 
Donna Quixote. 

BY AGNES MACDONBLL. 

Quaker Cousins. 

BY KATHARINE S. MACQUOID. 

Lost Rose. 
The Evil Eye. 

BY FLORENCE MARRY AT. 

Open ! Sesame ! 
Written in Fire. 

BY JEAN MIDDLEMASS. 

Touoh and Go. 

BY D. CHRISTIE MURRAY. 

A Life's Atonement. 

BY MRS. OLIPHANT. 

Whiteladles. 

BY JAMES PAYN. 

Lost Sir Massingberd. 

The Best of Husbands. 

Fallen Fortunes. 

Halves. 

Walter's Word 

What He Cost Her. 

Less Blaok than We're Fainted. 

By Proxy. 

Under One Roof. 

High Spirits. 

From Exile. 

Oarlyon's Tear. 

A Confidential Agent. 



BY CHARLES READE, D.C.L. 

It is Never Too Late to Mend. 

Hard Cash. 

Peg Woffington. 

Christie Johnstone. 

Griffith Gaunt 

The Double Marriage. 

Love Me Little, Love Me Long. 

Foul Play. 

The Cloister and the Hearth. 

The Course of True Love. 

The Autobiography of a Thief. 

Put Yourself in His Place. 

A Terrible Temptation. 

The Wandering Heir. 

A Simpleton. 

A Woman-Hater. 

BY MRS. J. H. RIDDELL. 

Her Mother's Darling. 

BY JOHN SAUNDERS. 

Bound to the Wheel. 
Guy Waterman. 
One Against the World. 
The Lion in the Path. 
The Two Dreamery. 

BY BERTHA THOMAS. 

Proud Maisie. 

Creasida. 

The Violin-Player. 

BY ANTHONY TROLLOPE. 

The Way We Live Now. 
The American Senator. 

BY T. A. TROLLOPE. 

Diamond Out Diamond. 

BY SARAH TYTLER. 

What She Came Through. 



Crown 8vo, cloth extra, 6s. 

Planch6— Songs and Poems, from 1819 to 1879. 

By J; R. Planche. Edited, with an Introduction, by his Daughter, 
Mrs. Mackarness. 



Crown 8vo, cloth extra, with Portrait and Illustrations, 7s. 6d 

Poe's Choice Prose and Poetical Works. 



With Baudelaire's " Essay." 
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Post 8vo, illustrated boards, 25. each. 

Popular Novels, Cheap Editions of. 

(WilkieCollins's Novels and BssAXTand Rice's Novels may also be had 
in cloth limp at ar.64. See, too, the Piccadilly Novels, for Library Editions.] 



BY HAMILTON AIDE. 

Confidences. 
Oarr of Carrlyon. 

BY MRS. ALEXANDER. 

Maid, Wife, or Widow P 

BY W. BESANT & JAMES RICE. 

Beady-Money Mortiboy. 

With Harp and Crown. 

This Son of Vulcan. 

My Little Girl. 

The Case of Mr. Lucraft 

The Golden Butterfly. 

By Celiaa Arbour. 

The Monks of Thelema. 

'Twas In Trafalgar's Bay. 

The Seamy Side. 

The Ten Years' Tenant. 

BY SHELSLEY BEAUCHAMP. 

Grantley Grange. 

BY FREDERICK BOYLE. 

Camp Notes. 
Savage Life. 

BY BRET HARTE. 

An Heiress of Red Dog. 
The Luck of Roaring Camp. 
Gabriel Conroy. 

BY F. E. BURNETT. 

Surly Tim. 

BY MRS. H. LOVETT CAMERON. 

Deceivers Ever. 
Juliet's Guardian. 

BY MACLAREN COBBAN. 

The Cure of Souls. 

BY C. ALLSTON COLLINS. 

The Bar Sinister. 

BY WILKIE COLLINS. 

Antonina. 

Basil. 

Hide and Seek. 

The Dead Secret. 

The Queen of Hearts. 

My Miscellanies. 



The Woman in White. 
The Moonstone. 
Man and Wife. 
Poor Miss Finch. 
Miss or Mrs. P 
The New Magdalen. 
The Frozen Deep. 
The Law and the Lady. 
The Two Destinies. 
The Haunted Hotel. 
Fallen Leaves. 
Jezebel's Daughter. 

BY DUTTON COOK. 

Leo. 

BY MRS. ANNIE EDWARDES. 
A Point of Honour. 
Archie Lovell. 

BY M. BETHAM-EDWARDS. 

Felicia. 

BY EDWARD EGGLESTON. 

Rosy. 

BY PERCY FITZGERALD. 

Polly. 

Bella Donna. 

Never Forgotten. 

The Seoond Mrs. Tillotson. 

Seventy-five Brooke Street 

BY ALBANY DE FONBLANQUE 

Filthy Luore. 

BY R. E. FRANCILLON. 

Olympia. 
Queen Cophetua. 

BY EDWARD GARRETT. 

The Capel Girls. 

BY CHARLES GIBBON. 

Robin Gray. 

For Lack of Gold. 

What will the World SayP 

In Honour Bound. 

The Dead Heart 

In Love and War. 

For the King. 

gueen of the Meadow. 
1 Pastures Green. 



CHATTO <&» W INDUS. PICCADILLY. 



23 



Popular Novels — continued. 
BY JAMES GREENWOOD. 

Dick Temple. 

BY ANDREW HALLWAY. 

Every-day Papers. 

BY LADY DUFFUS HARDY. 

Paul Wynter's Sacrifice. 

BY THOMAS HARDY. 

Under the Greenwood Tree. 

BY JULIAN HAWTHORNE. 

Garth. 

EUioe Quentin. 

BY TOM HOOD. . 

A Golden Heart. 

BY VICTOR HUGO. 
The Hunchback of Notre Dame. 

BY MRS. ALFRED HUNT. 

Thornicroft's Model. 

BY JEAN INGELOW. 

Fated to be Free. 

BY HENRY JAMES, Jun. 

Confidence. 

BY HARRIETT JAY. 

The Queen of Connaught. 
The fiark Colleen. 

BY HENRY KINGSLEY. 

Number Seventeen. 
Oakshott Castle. 

BY E. LYNN LYNTON. 

Patricia Kemball. 
Atonement of Learn Dundas. 
The World Well Lost. 
Under which Lord? 
With a Silken Thread. 

by justin McCarthy, m.p. 
The Waterdale Neighbours. 
Dear Lady Disdain. 
My Enemy's Daughter. 
A Fair Saxon. 
Linley Rochford. 
Miss Misanthrope. 
Donna Quixote. 

BY AGNES MACDONELL. 

Quaker Cousins. 

BY KATHARINE S. MACQUOID. 

The Evil Eye. 
Lost Rose. 



BY FLORENCE MARRYAT. 

Open! Sesame! 
A Harvest of Wild Oats. 
A Little Stepson. 
Fighting the Air. 
Written in Fire. 

BF JEAN MIDDLEMASS. 

Touch and Go. 
Mr. Dorillion. 

BY D. CHRISTIE MURRAY. 

A Life's Atonement. 

BY MRS. OLIPHANT. 

Whiteladies. 

BY OUIDA. 

Held in Bondage. 

Strathmore. 

Chandos. 

Under Two Flags. 

Idalia. 

Cecil Gastlemaine's Gage. 

Tricotrin 

Puck. 

Folle Farine. 

A Dog of Flanders. 

PascareL 

Two Little Wooden Shoes. 

Signa. 

In a Winter City. 

Ariadne. 

Friendship. 

Moths. 

Pipistrello. 

BY JAMES PAYN. 

Lost Sir Massingberd. 
A Perfect Treasure. 
Bentinck's Tutor. 
Murphy's Master. 
A County Family. 
At Her Mercy. 
A Woman's Vengeance. 
Cecil's Tryst. 
The Glyffards of Clyffe. 
The Family Scapegrace. 
The Foster Brothers. 
Found Dead. 
Gwendoline's Harvest. 
Humorous Stories. 
Like Father, Like Son. 
A Marine Residence. 
Married feeneath Him. 
Mirk Abbey. 
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Popular Novels — continued. 

Jambs Payn— -continutd. 

Not Wooed, but Won. 

Two Hundred Pounds Reward. 

The Beat of Husbands. 

Walter's Word. 

Halves. 

Fallen Fortunes. 

What He Coat Her. 

Less Black than We're Painted. 

By Proxy. 

Under One Roof. 

High Spirits. 

A Confidential Agent. 

Carlyon's Year. 

BY EDGAR A. POE. 

The Mystery of Marie Roget. 

BY CHARLES READE, D.C.L. 

It is Never Too Late to Mend. 

Hard Cash. 

Peg Wofflngton. 

Christie Johnstone. 

Griffith Gaunt. 

The Double Marriage. 

Love Me Little, Love Me Long. 

Foul Play. 

The Cloister and the Hearth. 

The Course of True Love. 

The Autobiography of a Thief. 

Put Yourself in his Place. 

BY MRS. J. H. RIDDELL. 

Her Mother's Darling. . 



I 



BY GEORGE AUGUSTUS SALA. 
Gaslight and Daylight. 

BY JOHN SAUNDERS. 

Bound to the Wheel. 
Guy Waterman. 
One Against the World. 
The Lion in the Path. 

BY ARTHUR SKETCHLEY. 

A Match in the Dark. 

BY WALTER THORNBURY. 

Tales for the Marines. 

BY ANTHONY TROLLOPE. 

The Way we Live Now. 
The American Senator. 

BY T. ADOLPHUS TROLLOPE. 

Diamond Out Diamond. 

BY MARK TWAIN. 

A Pleasure Trip in Europe. 

Tom Sawyer. 

An Idle Excursion. 

BY LADY WOOD. 

Sabina. 

BY EDMUND YATES. 

Castaway. 
Forlorn Hope. 
Land at Last. 

ANONYMOUS. 

Aul Ferroll. 

Why P. Ferroll Killed his Wife. 



Fcap. 8vo, picture covers, is. each. 

Jeff Briggs's Love Story. By Bret Harte. 

The Twins of Table Mountain. By Bret Harte. 

Mrs. Gainsborough's Diamonds. By Julian Hawthorne. 

Kathleen Mavourneen. By the Author of " That Lass o' Lowrie's." 

Lindsay's Luok. By the Author of That Lass o' Lowrie's." 

Pretty Polly Pemberton. By the Author of " That Lass o' Lowrie's.'* 

Trooping with Crows. By Mrs. Pxrxis. 

The Professor's Wife. By Leonard Graham. 

A Double Bond. By Linda Villari. 

Esther's Glove. By R. £. Francillon. 



Small 8vo, cloth extra, with 130 Illustrations, 3$. 6d. 

Prince of Argolis, The : 

A Story of the Old Greek Fairy Time. By J. Moyr Smith. 
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Proctor (R. A.), Works by: 

Easy Star Lessons. With Star Maps for Every Night in the Year, 
Drawings of the Constellations, &c. Crown 8vo, cloth extra, 6s. 

Familiar Science Studies. Crown 8vo, cloth extra, 7s. 6d. 

Myths and Marvels of Astronomy. By Richard A. Proctor, 
Author of " Other Worlds than Ours," &c. Crown 8vo, cloth extra, 6s. 

Pleasant Ways in Science. Crown 8vo, cloth extra, 65. 

Bough Ways made Smooth: A Series of Familiar Essays on 
Scientific Subjects. By R. A. Proctor. Crown 8vo, cloth extra, 6s. 

Our Place among Infinities : A Series of Essays contrasting our 
Little Abode in Space and Time with the Infinities Around us. By 
Richard A. Proctor. Crown 8vo, cloth extra, 6s. 

The Expanse of Heaven : A Series of Essays on the Wonders 
of the Firmament. By Richard A. Proctor. Crown 8vo, cloth, 6s. 

Saturn and its System. By Richard A. Proctor. New and 

Revised Edition, demy 8vo, cloth extra, 10s. 6d. [In preparation. 

Wages and Wants of Soienoe Workers. Crown 8vo, is. 6d. 
Crown 8vo, cloth extra, gilt, 7$. 6d. 

Pursuivant of Arms, The ; 

or, Heraldry founded upon Facts. By J. R. Planche, Somerset 
Herald. With Coloured Frontispiece and 200 Illustrations. 

Crown 8vo, cloth extra, with Illustrations, 7s. 64. 

Rabelais' Works. 

Faithfully Translated from the French, with variorum Notes, and 
numerous characteristic Illustrations by Gu stave Dore. 

Crown 8vo, cloth gilt, with numerous Illustrations, and a beautifully 
executed Chart of the various Spectra, js. 6d. 

Rambosson — Popular Astronomy. 

By J. Rambosson, Laureate of the Institute of France. Translated 
by C. B. Pitman. Profusely Illustrated. 

Entirely New Edition Revised, crown 8vo, i,4oopages, cloth extra, 75. 6rf. 

Reader's Handbook (The) of Allusions, Re- 
ferences, Plots, and Stories. By the Rev. Dr. Brkwer. Third Edition, 
revised throughout, with a New Appendix containing a Complete 
English Bibliography. 

Crown 8vo, cloth extra, 65. 

Richardson. — A Ministry of Health, and 

other Papers. By Benjamin Ward Richardson, M.D., &c. 
Crown 8vo, cloth extra, 6s. per Volume. 

Robinson.— Natural History of the Poets. 

By Phil. Robinson, Author of " Under the Punkah," Ac. In Four 
Volumes. Vol. I. The Birds. Vol. II. The Beasts. Vol III. The 
Fauna of Fancy. Vol. IV. The Flora of Poetry. [In Preparation. 
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Rimmer (Alfred), Works by : 

Our Old Country Towns, By Alfred Rimmer. With over 50 
Illustrations by the Author. Square 8vo, cloth extra, gilt, xos. 6d<, 

Rambles Bound Eton and Harrow. By Alfred Rimmer. With 

50 Illustrations by the Author. Square 8vo, cloth gilt, xos. 6d. Also an 
Edition de Luxe, in 4to (only a limited number printed X with the Musts, 
beautifully printed on China paper, half-bound boards, edges uncut, 42s. 

About England with Dickens. With Illustrations by Alfred 
Rimmer and C A. Yasderhoof. Sq. ftvo, cloth gilt, xos. 64. [In the press. 

Handsomely printed, price 5s. 

Roll of Battle Abbey, The ; 

or, A List of the Principal Warriors who came over from Normandy 
with William the Conqueror, and Settled in this Country, A.D. 1066-7. 
With the principal Arms emblazoned in Gold and Colours. 

Crown 8vo, cloth extra, profusely Illustrated, 45. 6rf. each. 

" Secret Out " Series, The. 

The Pyrotechnist's Treasury; Magician's Own Book : 

or. Complete Art of Making Fi-e- Performances with Cups and Balls. 

works. By Thomas Kentish. With E«jgs, Hats, Handkerchiefs, &c. All 

numerous Illustrations. from Actual Experience. Edited by 

The Art of Amnring : W. H. Cremer. *» Illustrations. 

A Collection of Gracef u 1 Arts.Gair.e 5. Magic No Mystery : 
Tricks, Puzzles, and Charades. By Tricks with Cards, Dice, Balls, &c, 

Frank Belle w. 300 Illustrations. with fully descriptive Directions; the 

tto^Vw D..W . Art of Secret Writing ; Training ot 

* HAnKy ;^ nJ 5? •* u t. rv«: , Performing Animals, &c. Coloured 

J ery i, *$£-. 1 i lckSj c> ? r L Dl «? cu i t Frontispiece and many Illustrations. 

Tncks,WhiteMagic,SleightotHan<i. mu. oJ«* n«f . 

Edited by W. H. Cremer. 200 Illusts. T 5 e Secret °™L; . , . ,_ „ , 

One Thousand Tncks with Cards, 

The Merry Circle : and other Recreations ; with Enter- 

A Book of New Intellectual Games taining Experiments in Drawing- 

and Amusements. By Clara Bel- room or •* White Magic." By W. H. 

lew. Many Illustrations. Cremer. 300 Engravings. 



Shakespeare : 



Shakespeare, The First Polio.— Mr. William Shakespeares 
Comedies, Histories, and Tragedies. Published according to the true 
Originall Copies. London Printed by Isaac Iagqard, and Ed. Blount. 
1623.— A Reproduction of the extremely rare original, in reduced facsimile 
by a photographic process— ensuring the strictest accuracy in every 
detail. Small 3vo, hali-Rozburghe, 75. 6d. 

Shakespeare, The Lansdowne. Beautifully printed in red 
and black, in small but very clear type. With engraved facsimile of 
Droeshout's Portrait. Post 8vo, cloth extra, 7s. 6d. 

Shakespeare for Children: Tales from Shakespeare. By 

Charles and Mary Lamb. With numerous Illustrations, coloured and 
plain, by J. Moyr Smith. Crown 4to, cloth gilt, 6s. 

Shakespeare Music, The Handbook of. Being an Account of 

350 Pieces of Music, set to Words taken from the Plays and Poems of 
Shakespeare, the compositions ranging from the Elizabethan Age to the 
Present Time. By Alfred Roffe. 4to, half-Roxburghe, 7s. 

Shakespeare, A Study of. By Algernon Charles Swin- 
burne. Crown 8vo, cloth extra, 8s. 
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Crown 8to, cloth extra, 6s. 

Senior.— Travel and Trout in the Antipodes. 

An Angler's Sketches in Tasmania and New Zealand. By William 
Senior (" Red-Spinner"), Author of " By Stream and Sea." 

Crown 8vo, cloth extra, gilt, with xo full-page Tinted Illustrations, 75. 6d. 

Sheridan's Complete Works, 

with Life and Anecdotes. Including his Dramatic Writings, printed 
from the Original Editions, his Works in Prose and Poetry, Transla- 
tions, Speeches, Jokes, Puns, Ac. ; with a Collection of Sheridaniana. 

Crown 8vo, cloth extra, with 100 Illustrations, 75. 6d. 

Signboards : 

Their History. With Anecdotes of Famous Taverns and Remarkable 
Characters. By Jacob Larwood and John Camden Hotten. 

Crown 8vo, cloth extra, gilt, 6s. 6d. 

Slang Dictionary, The : 

Etymological, Historical, and Anecdotal. 



Exquisitely printed in miniature, cloth extra, gilt edges, zs. 6d. 

Smoker's Text-Book, The. 

By J. Hamer, F.R.S.L. 

Crown 8vo, cloth extra, 55. 

Spalding.— Elizabethan Demonology : 

An Essay in Illustration of the Belief in the Existence of Devils, and 
the Powers possessed'by them. By T. Alfred Spalding, LL.B. 



Crown 4to, with Coloured Illustrations, cloth gilt, 65. 

Spenser for Children. 

By M. H. Towry. With Illustrations by Walter J. Morgan. 
A New Edition, small crown 8vo, cloth extra, 5s. 

Staunton.— Laws and Practice of Chess ; 

Together with an Analysis of the Openings, and a Treatise on End 
Games. By Howard Staunton. Edited by Robert B. Worm ald. 

Crown 8vo, cloth extra, 9s. 

Stedman — Victorian Poets: 

Critical Essays. By Edmund Clarence Stedman. 



Stevenson (R. Lotus)! Works by : 

Familiar Studies in Men and Books. By R. Louis Stevenson. 

Crown 8 vo, cloth extra, 6s. 

The New Arabian Nights. By R. Louis Stevenson. Two Vols., 

crown 8vo, 1*. [/* preparation. 
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Crown 8vo, cloth extra, gilt edges, with Illustrations, 7s. 6d. 

Thomson's Seasons and Castle of Indolence. 

With a Biographical and Critical Introduction by Allan Cunning- 
ham, and over 50 fine Illustrations on Steel and Wood. 



Timbs (John), Works by : 

Cluba and Club Life in London With Anecdotes of its Famous 
Coffee-houses, Hostelries, and Taverns. By John Timbs, F.S. A. With 
numerous Illustrations. Crown 8vo, cloth extra, 7s. 64. 

•RngHnh Ecoentrics and Eccentricities : Stories of Wealth and 

Fashion, Delusions, Impostures, and Fanatic Missions, Strange Sights 

and Sporting Scenes, Eccentric Artists, Theatrical Folks, Men ox Letters, 

r &c By John Timbs, F.S. A With nearly 50 Illustrations. Crown 8vo, 

cloth extra, 7s. W. 

Demy*8vo, cloth extra, 14s. 

Torrens .— The Marquess Wellesley, 

Architect of Empire. An Historic Portrait. Forming Vol. I. of Pro- 
Consul and Tribune: Wellbslby and O'Connell: Historic 
Portraits. By W. M. Torrens, M.P. In Two Vols. 

Demy 8vo, cloth extra, with Illustrations, 95. 

Tunis : the Land and the People. 

By Ernst von Hesse -Wartkgg. With 23 fine Illustrations. 
Two Vols., crown 8vo, cloth extra, with Map and Ground-Plans, 14s. 

Walcott.— Church Work and Life in English 

Minsters; and the English Student's Monasticon. By the Rev. 
Mackenzie E. C. Walcott, B.D. 

The Twenty-second Annual Edition, for 1883, cloth, full gilt, 50s. 

Walford.— The County Families of the United 

Kingdom. By Edward Walford, M.A. Containing Notices of 
the Descent, Birth, Marriage, Education, &c., of more than 12,000 
distinguished Heads of Families, their Heirs Apparent or Presump- 
tive, the Offices they hold or have held, their Town and Country 
Addresses, Clubs, &c. 

Large crown 8vo, cloth antique, with Illustrations, 7s. &f. 

Walton and Cotton's Complete Angler ; 

er, The Contemplative Man's Recreation ; being a Discourse of Rivera, 
Fishponds, Fish and Fishing, written by Izaax Walton ; and In- 
structions how to Angle for a Trout or Grayling in a clear Stream, by 
Charles Cotton. With Original Memoirs and Notes by Sir Harris 
Nicolas, and 6z Copperplate Illustrations. 



CHATTO 6* W INDUS, PICCADILLY. 



3i 



Crown 8vo, cloth extra, 35. 6d. per volume. 



Wanderer's 



The: 



Merrie England in the Olden 
Time. By George Daniel. With 
Illustrations by Robt. Cruikshank. 

The Old Showmen and the Old 
London Fairs. By Thomas Frost. 

The Wilds of London. By 
Jambs Greenwood. 

Tavern Anecdotes and Sayings ; 
Including the Origin of Signs, and 
Reminiscences connected with 
Taverns, Coffee Houses, Clubs, &c. 
By Charles Hindley. With Illusts. 

Circus Life and Circus Celebri- 
ties. By Thomas Frost. 

The Lives of the Conjurers. 

By Thomas Frost. 

The Life and Adventures of a 

Cheap Jack. By One of the Frater- 
nity. Edited by Charles Hindley. 

The Story of the London Parks. 
By Jacob Larwood. With Illusts. 

Low-Life Deeps. An Account 
of the Strange Fish to be found there. 
By James Greenwood. 



Seven Generations of Execu- 
tioners : Memoirs of the Sanson 
Family (1688 to 1847X Edited by 
Henry Sanson. 

The World Behind the Scenes. 
By Percy Fitzgerald. 

London Characters. By Henry 
Mayhew. Illustrated. 

The Genial Showman: Life 

and Adventures of Artemus Ward. 
By E. P. Hingston. Frontispiece. 

Wanderings in Patagonia; or. 

Life among the Ostrich Hunters. By 
Julius Beerbohm. Illustrated. 

Summer Cruising in the South 
Seas. By Charles Warren Stod- 
dard. Illustrated by Wallis Mac- 

KAY. 

Savage Life. 
Boyle. 

Camp Notes. 
Boyle. 



By Frederick 
[/n the press. 

By Frederick 
[In the press. 



Carefully printed on paper to imitate the Original, 22 in. by 14 in., 25. 

Warrant to Execute Charles I. 

An exact Facsimile of this important Document, with the Fifty-nine 
Signatures of the Regicides, and corresponding Seals. 



Beautifully printed on paper to imitate the Original MS., price 25. 

Warrant to Execute Mary Queen of Scots. 

An exact Facsimile, including the Signature of Queen Elizabeth, and 
a Facsimile of the Great Seal. 



Crown 8vo, cloth, limp, with numerous Illustrations, 4*. 6d. 

Westropp .— Handbook of Pottery and Porce- 
lain ; or, History of those Arts from the Earliest Period. By Hodder 
M. Westropp. With numerous Illustrations, and a List of Marks. 



Seventh Edition. Square 8vo, 15. 

in : Art and Art Critics. 



Whistler v. 

By J. A. Macneill Whistler. 



Large 4 to, cloth extra, 31s. 6d. 

White Mountains (The Heart of the) : 

Their Legend and Scenery. By Samuel Adams Drake. With 
nearly 100 Illustrations by W. Hamilton Gibson. 



32 BOOKS PUBLISHED BY CHATTO 6* WIND US. 
Crown 8vo, cloth limp, with Illustrations, 2J. 6d. 

Williams.— A Simple Treatise on Heat. 

By W. Mattieu Williams, F.R.A.S., F.C.S. 

Wilson (Dr. Andrew), Works by : 

Chanters on Evolution : A Popular History of the Darwinian and 
Allied Theories of Development. By Andrew Wilson, Ph.D., F.R.S.E. 
Crown 8vo, cloth extra, with 300 Illustrations, 7s. 6d. [Nearly Ready. 

Leaves from a Naturalist's Note-book. By Andrew Wilson, 

Ph.D., F.R.S.E. (A Volume of "The Mayfair Library.") Post 6vo, 
cloth limp, as. 6d. 

Leisure - Time Stadias, chiefly Biological. By Andrew 

Wilson, Ph.D., F.R.S.E. Second Edition. Crown 8vo, cloth extra, with 
Illustrations, 6s. 

" It ts well when we can take up the work of a really qualified investigator, 
who in the intervals 0/ his more serious professional labours sets himself to impart 
knowledge in such a simple and elementary form as may attract and instruct, 
with no danger of misleading the tyro in natural science. Such a work is this 
little volume, made up of essays and addresses written and delivered by Dr. 
Andrew Wilson, lecturer and examiner in Science at Edinburgh and Glasgow, 
at leisure intervals in a busy professional life. . . . Dr. Wilson's pages teem 
with matter stimulating to a healthy love of science and a reverence for the 
truths of nature." — Saturday Review. 

Small 8vo, cloth extra, Illustrated, 6s. 

Wooing (The) of the Water Witch : 

A Northern Oddity. By Evan Daldornb. Illust. byJ.MOYR Smith. 
Crown 8yo, half-bound, 12s, 6d. 

Words, Facts, and Phrases : 

A Dictionary of Curious, Quaint, and Out-of-the-Way Matters. By 
Eliezer Edwards. 



Wright (Thomas), Works by : 

Caricature History of the Georges. (The House of Hanover.) 
With 400 Pictures, Caricatures, Squibs, Broadsides, Window Pictures, 
&c. By Thomas W right, F.S.A. Crown 8vo, cloth extra, 7s. 6d. 

History of Caricature and of the Grotesque in Art, Literature, 
Sculpture, and Painting. By Thomas Wright, F.S.A. Profusely Illus- 
trated by F. W. Fairholt, F.S.A. Large post 8vo, cloth extra, js. 6d. 



Demy 8vo, 2$. 

Zululand, (A Defence of), and its King. 

With an Appendix containing Correspondence on the subject of the 
Release of Cetswayo, &c. By Lady Florence Dixie. 



J. OODEN AND CO., PRINTERS, 172, ST. JOHN STREET, E.C« 

II 



.E. 

iy 

N, 

U 

»' 



